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Subject: ESA Informal Consultation: Louisiana statewide freshwater ammonia criteria
Date: Wednesday, June 3, 2020 5:09:00 PM

Attachments: LA 2016 TR Ammonia_DRAFT BE for FWS review.pdf
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Hello Brigette,

This email serves to initiate informal consultation under Section 7(a)(2) of the Endangered Species
Act (ESA) with the U.S. Fish and Wildlife Service (USFWS) Louisiana Ecological Services Field Office
(USFWS) regarding the Environmental Protection Agency's (EPA) eventual action on Louisiana's
pending adoption of amendments to Title 33, Part IX, Chapter 11 of the Louisiana Surface Water
Quality Standards, pursuant to Clean Water Act (CWA) Section 303( ¢) and 40 CFR Part 131. The
Environmental Protection Agency (EPA) Region 6 would like to request USFWS’s early review of the
enclosed draft biological evaluation (BE) for the referenced water quality criteria provision.

The state of Louisiana has proposed to adopt new water quality criteria for ammonia in all
freshwaters of the state that are consistent with EPA’s CWA Section 304(a) criteria
recommendations. These criteria have not yet been adopted by the state, as it has not yet
completed its rulemaking process. However, the state has completed its public comment period for
this rulemaking and Louisiana Department of Environmental Quality (LDEQ) staff have indicated their
near certainty that these criteria will be adopted into state rule alongside other water quality
standards provisions not affecting listed species. More information on these criteria can be found in
the following document: https://www.epa.gov/sites/production/files/2015-08/documents/aquatic-
life-ambient-water-quality-criteria-for-ammonia-freshwater-2013.pdf. EPA requests USFWS's early
review of this BE in anticipation that LDEQ will submit such criteria revisions in the near future. Given
the complexity of the analysis in this BE, and tight statutory deadlines for EPA to approve state-
submitted water quality standard provisions (60 days from the date of the state’s submission), EPA
requests USFWS's technical assistance and early review of the attached draft BE so as to facilitate its
final review of EPA’s anticipated request for concurrence when the state officially submits these new
criteria.

This BE focuses on the listed species and critical habitat that have the potential to be affected by
both direct and indirect effects of ammonia in water. These species include those listed in Table 1-2
of the BE. The EPA has determined that, in the event it takes action to approve these revised
standards, such an action may affect, but will not likely adversely affect, the listed aquatic species
and their critical within the specific action area described in the enclosed BE.

EPA is requesting no specific timetable for USFWS review and comment at this time, as we are not
yet officially requesting concurrence on this BE. However, EPA welcomes USFWS’s timely review so
that any questions or concerns can be addressed, or USFWS-suggested changes to the BE can be
made, prior to EPA’s official request for concurrence on its determinations. EPA anticipates
requesting USFWS concurrence immediately upon official receipt of the state’s submission.

In addition to the BE, we are also sending you 2 ZipFolders that include concentration-response
curves for ammonia (NH3_Supplemental_Information_A and NH3_Supplemental_Information_B) as
referenced in the BE text and its appendices. Due to size restrictions, | will have to send you

NH3 Supplemental_Information_A in a separate email.

If you have questions about this request or the enclosed BE, please feel free to email, or give me a
call at (214) 675-4512.

Thanks!
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Executive Summary

This biological evaluation (BE) assesses the potential effects which may occur to federally listed
endangered or threatened species of fish, wildlife, or plants (“listed species’) and habitat of such
species that have been designated as critical (“critical habitat™) under the jurisdiction U.S. Fish
and Wildlife Service (FWS). The specific focus of this evaluation is the U.S. Environmental
Protection Agency (EPA), Clean Water Act (CWA) proposed approval of Louisiana’s proposed
updates to its aquatic life criteria to be consistent with the EPA's recommended criteria for
ammonia. These criteria consider the best available science, including local and regional
information, as well as applicable EPA policies, guidance, and legal requirements, to protect
aquatic life including listed species. EPA finds that our proposed approval of Louisiana’s acute
and chronic ammonia criteria is Not Likely to Adversely Affect (NLAA) aquatic and aquatic-
dependent listed species through direct and indirect effects and 1s Not Likely to Adversely
Modify the designated critical habitats.

EPA views the ammonia criteria revisions as beneficial to the conservation and protection of
aquatic life, including listed species and their food sources in Louisiana. The revisions are
expected to aid in the conservation role of critical habitat. Many of the listed species occurring in
Louisiana freshwaters are not sensitive to acute and chronic freshwater ammonia exposures at
the respective criteria magnitudes under conservative exposure conditions. For those listed
species that are relatively sensitive to acute and/or chronic freshwater ammonia exposures,
aquatic life criteria are implemented conservatively and are based on the fifth percentile of
sensitive genera and will, therefore, protect listed species and the broader aquatic community,
including prey items.

1.0 Introduction

1.1 Endangered Species Act

Federally protected species are listed as endangered or threatened under the Endangered Species
Act (ESA) of 1973, as amended, 16 U.S.C. section 1536, and its implementing regulations, 50
CFR Part 402. Section 7(a) of the ESA grants authority to impose requirements upon Federal
agencies regarding endangered or threatened species of fish, wildlife, or plants (“listed species™)
and habitat of such species that have been designated as critical (“critical habitat’). The ESA
requires every Federal agency, in consultation with the Secretary of the Interior, to ensure that
any action it authorizes, funds, or carries out, in the United States or upon the high seas, is not
likely to jeopardize the continued existence of any listed species or result in the destruction or
adverse modification of critical habitat.

The United States Fish and Wildlife Service (FWS) administers Section 7 consultations for
freshwater species, while United States National Marine Fisheries Service (NMFS) administers
Section 7 consultations for marine species and anadromous fish. This biological evaluation (BE)
represents an effort by the EPA to informally consult with FWS regarding the EPA’s proposed
approval of Louisiana’s WQS.





1.2 Overview of Water Quality Standards and Criteria

Section 303(c) of the CWA requires that all states adopt water quality standards and that EPA
review these standards. Every 3 years, the states are also required to go through a public process,
commonly referred to as the triennial review, where the state reviews its water quality standards
and, as appropriate, modifies and adopts new standards. This process allows states to incorporate
new technical and scientific data into their standards. The regulatory requirements governing
water quality standards are established at 40 Code of Federal Regulations (CFR) Part 131. The
minimum requirements that must be included in the state standards are designated uses, criteria
to protect the uses, and an antidegradation policy to protect existing uses, high-quality waters,
and waters designated as Outstanding National Resource Waters. In addition to these elements,
the regulations allow for states to adopt discretionary policies such as allowances for mixing
zones and variances from water quality standards. These policies are also subject to EPA review
and approval.

A water quality standard defines the water quality goals for a waterbody by designating the use
or uses to be made of the water (“designated uses”), by setting criteria necessary to protect the
uses (“criteria”), or by preventing or limiting degradation of water quality through
antidegradation provisions (“antidegradation policy”). Thus, a state’s water quality standards
consist of designated uses, water quality criteria, and an antidegradation policy. The Clean Water
Act (CWA) provides the statutory basis for the water quality standards program and defines
broad water quality goals. For example, Section 101(a) states, in part, a goal that wherever
attainable, waters achieve a level of quality that provides for the protection and propagation of
fish, shellfish, and wildlife, and for recreation in and on the water ("fishable/swimmable”).

The EPA publishes recommended criteria documents as guidance to states. States consider these
recommended criteria documents, along with the most recent scientific information, when
adopting regulatory criteria. All standards officially adopted by each state are submitted to EPA
for review and approval or disapproval. The EPA reviews the standards to determine whether the
analyses performed are adequate and evaluates whether the designated uses are appropriate and
the criteria are protective of those uses. The EPA makes a determination as to whether the
standards meet the requirements of the CWA and EPA's water quality standards regulations. The
EPA then formally notifies the state of these results. If EPA determines that any such revised or
new water quality standard is not consistent with the applicable requirements of the CWA, EPA
is required to disapprove these changes to meet the requirements. The state is then given an
opportunity to make appropriate changes. If the state does not adopt the required changes, EPA
must promulgate federal regulations to replace those disapproved portions. New and revised state
WQS are not considered effective for CW A purposes until approved by the EPA under CWA
Section 303(c).

Section 303(c) of the CWA requires states and authorized tribes to adopt water quality criteria that
protect designated uses. States and authorized tribes have four options when adopting water quality
criteria for which EPA has published nationally recommended criteria pursuant to Section 304(a) of
the CWA. States may: (1) adopt nationally recommended criteria; (2) adopt nationally
recommended criteria modified to reflect site-specific conditions; (3) adopt criteria derived using
other scientifically defensible methods; or (4) establish narrative criteria where numeric criteria
cannot be determined or to supplement numerical criteria (40 CFR 131.11).





1.3 ESA Consultation for WQS

The EPA consults with the FWS and NMFS (Services) under Section 7 of ESA when approving
certain changes to state WQS. The EPA must determine whether the proposed WQS may or may
not affect listed species or their critical habitat. If the EPA determines that their action will have
"no effect" on listed species or critical habitat, it is not required to consult with the Services. If
the EPA determines that listed species and critical habitat are not likely to be adversely affected,
and the Service agrees with that determination, the Service provides concurrence in writing, and
no further consultation is required. Finally, if the EPA determines that the WQS are likely to
affect listed species adversely, it must initiate formal consultation with the Services.

Informal consultation includes a determination by the action agency that an action may affect,
but is not likely to adversely affect listed species or critical habitat. An informal consultation
generally involves the EPA developing a BE. To assist in evaluating the effect of approving a
water quality criterion, the BE typically includes an evaluation of whether the presence of a
pollutant at criterion magnitude, duration, and exceedance frequency is not likely to adversely
affect any pertinent listed species or their critical habitat.

1.4 Description of the Proposed Federal Action

The Federal action being evaluated under ESA Section 7 in this document is the EPA’s proposed
approval of Louisiana’s adoption of new freshwater ammonia aquatic life water quality criteria.
These criteria are adopted and implemented to maintain and protect the waters of Louisiana, and
they provide for the propagation and protection of aquatic-dependent listed species. The WQS
revisions discussed below consider the best available science, including local and regional
information, as well as the applicable EPA policies, guidance, and legal requirements, to protect
aquatic life.

1.5 Purpose of the Proposed Federal Water Quality Criteria

Section 304(a) of the CWA authorizes the EPA to develop and revise recommended criteria for
specific pollutants reflecting the latest scientific knowledge. These national recommended
criteria do not themselves alter the applicable WQS of any state but serve as important scientific
resources for states engaged in adopting new WQS or revising existing WQS. Water quality
criteria adopted into state WQS could have the same numerical values as the national
recommendation. However, states might want to adjust the water quality criteria developed
under Section 304(a) to reflect local environmental conditions. Alternatively, states may use
different data and assumptions than the EPA in deriving numeric criteria that are scientifically
defensible and protective of designated uses.

In 2013, the EPA published revised recommended criteria for ammonia which are for the
protection of aquatic life (USEPA 2013). The updated criteria are reflective of new toxicity data,
which were unavailable during past updates. The criteria are intended to be protective of aquatic
life, including federally listed species. Louisiana proposed updates to its aquatic life ammonia
criteria to be consistent with the EPA's recommended criteria for ammonia; therefore, the EPA's
criteria documents are used throughout this BE to evaluate the potential effects of Louisiana’s





WQS revisions on listed species. These criteria documents provide justification for water quality
criteria, including comprehensive literature reviews and toxicological analyses.

1.6 Louisiana’s Ammonia Aquatic Life Criteria Revisions

On December 20, 2019, the Louisiana Department of Environmental Quality (LDEQ) announced
for public review and comment various revisions to it WQS, including its proposed addition of
freshwater ammonia aquatic life water quality criteria. The comment period ended February 4,
2020. Louisiana is expected to respond to public comments and adopt into state rule these
ammonia aquatic life water quality criteria in the near future. Pursuant to the EPA’s authority
outlined in CWA Section 303(c) and 40 CFR Part 131, the EPA must review and approve the
final new ammonia aquatic life water quality criteria. If these aquatic life criteria are consistent
with the revisions submitted to the EPA during the public comment period and evaluated below,
the EPA requests concurrence from the Services to confirm that the revisions are not likely to
adversely affect listed species or their critical habitat. If revisions to the aquatic life criteria
significantly differ from what was published during the public comment period and evaluated
below, the EPA will resubmit another BE for informal consultation.

Louisiana has proposed to adopt freshwater ammonia aquatic life criteria that are consistent with
EPA’s 2013 nationally recommended freshwater ammonia aquatic life criteria. The proposed
criteria are calculated as a function of temperature and pH and account for the presence or
absence of trout and early life stages of fish, as well as toxicity data for freshwater mussels in the
Family Unionidae, which are the most sensitive organisms in the recalculation database used by
EPA. EPA’s 2013 criteria are about twice as stringent as the previously recommended criteria
primarily because more recent toxicity data show that mussels and snails (including endangered
species) are very sensitive to ammonia and the previously recommended ammonia criteria do not
provide sufficient protection for these species.

1.7 Action Area

The EPA’s proposed approval of Louisiana’s ammonia criteria applies to all freshwaters of the
United States within the state of Louisiana under federal jurisdiction. The area evaluated for
action is the entirety of those surface freshwaters of the state. Waters of the state are defined in
§1105 of the WQS as “all surface and underground waters and watercourses within the state of
Louisiana, whether natural or man-made, including but not limited to, all rivers, streams, lakes,
wetlands, and groundwaters, within the confines of the state, and all bordering waters extending
three miles into the Gulf of Mexico.”

According to ESA, the action area is defined as “all areas to be affected directly or indirectly by
the Federal action and not merely the immediate area involved in the action” (50 CFR Part
402.02). This includes the project’s footprint as well as the area beyond it that may experience
direct or indirect effects that would not occur but for the action.

1.8 Listed Species and Critical Habitat within the Action Area

The EPA obtained a current list of species believed to or known to occur in Louisiana from the





FWS Information, Planning and Consultation system (IPaC) to determine if any listed, proposed
or candidate species may be present in the action area. IPaC generated a letter dated April 29,
2020, that enclosed a list of endangered and threatened species believed to or known to occur in
Louisiana. This letter is included in Appendix D.

1.9 Discussion Species

The listed species that will not be the focus of this FWS consultation are in Table 1-1 below.
These species are either not freshwater aquatic species, do not rely exclusively (or at all) on
aquatic species for diet, or generally occur in upland, terrestrial environments. They have no
meaningful exposure to ammonia in freshwaters. Thus, it was determined that these species
would not be impacted by the adoption of new ammonia criteria in freshwaters of Louisiana and
thus the approval of the changes in this criterion would have no effect.

Table 1-1: Species upon which no effect is expected at identified ammonia criteria levels in
freshwaters

Class Species Rationale for ‘no effect’ conclusion

Bird Red-cockaded woodpecker | Terrestrial species; do not rely exclusively on
aquatic species for diet

Reptile Gopher Tortoise Terrestrial species; not aquatic dependent

Reptile Hawksbill Sea Turtle Estuarine-marine species; not expected to be

impacted by ammonia discharges to inland
freshwaters at criteria levels.

Reptile Kemp's Ridley Sea Turtle Estuarine-marine species; not expected to be
impacted by ammonia discharges to inland
freshwaters at criteria levels.

Reptile Leatherback Sea Turtle Estuarine-marine species; not expected to be
impacted by ammonia discharges to inland
freshwaters at criteria levels.

Reptile Loggerhead Sea Turtle Estuarine-marine species; not expected to be
impacted by ammonia discharges to inland
freshwaters at criteria levels.

Reptile Louisiana Pinesnake Terrestrial species; not aquatic dependent

Amphibian Dusky Gopher Frog! Early life stage dependent on isolated, ephemeral
ponds and wetlands not connected to other waters
impacted by ammonia

Flowering Plant | American Chaffseed Terrestrial species; not aquatic dependent

Flowering Plant | Geocarpon minimum Terrestrial species; not aquatic dependent

1. Critical habitat for the dusky gopher frog has been rescinded in Louisiana and the IPaC listing for this species in Louisiana is no

longer valid (Amy Trahan, USFWS, pers. comm.).






1.10 Species of Interest for ESA Consultation

Species that have more than a limited exposure to water are considered either aquatic or aquatic-
dependent and, as such, are subject to consultation. Listed in Table 1-2 below are the species
within USFWS jurisdiction that either reside all of their lives in or near freshwater environments,
or a mix of fresh, estuarine and marine water environments of Louisiana and therefore could be
directly or indirectly affected by the adoption of new ammonia criteria.

Table 1-2: Listed species upon which consultation with USFWS is requested

Class Species

Mammal Northern Long-eared Bat
Mammal West Indian Manatee

Bird Least Tern

Bird Piping Plover

Bird Red Knot

Reptile Ringed Map Turtle

Fish Atlantic Sturgeon (gulf subspecies)
Fish Pallid Sturgeon

Clam Fat Pocketbook

Clam Inflated Heelsplitter

Clam Louisiana Pearlshell

Clam Pink Mucket (pearlymussel)
Clam Rabbitsfoot

Ferns and Allies | Louisiana Quillwort

2.0 Effects Assessment Methodologies

2.1 Acute Effect Assessment Methodology: Direct Effects

2.1.1 Direct Acute Effects to Freshwater Animals

The effects of acute ammonia exposures, consistent with the freshwater acute ammonia criterion
magnitude, were assessed by identifying or estimating acute toxicity values (i.e., LCso) for
Louisiana aquatic listed species that were then adjusted to represent protective low effect
threshold concentrations as described below. Acute toxicity values used to develop the acute
effects assessments were obtained from Appendix A of the 304(a) aquatic life criteria documents
for ammonia (USEPA 2013) that were specifically used to derive the acute criterion (i.e., bold
values in Appendix A of USEPA 2013). These data were from studies identified in EPA’s
ECOTOX database, as well as additional studies from peer-reviewed and grey literature, and
have been subjected to extensive data quality review (see Stephan et al. 1985 for data quality
objectives). In addition, acute unionid data from Wang et al. (2017) published after the release of





the 2013 criteria document that met acceptability guidelines have been added to the acute
dataset. Acute ammonia values have been normalized to a pH of 7 (all freshwater animals) and
20°C (freshwater invertebrates only), consistent with criteria derivation (USEPA 2013). Ideally,
species-specific toxicity data for listed species of concern would be available to support an acute
effects assessment; however, data limitations often required use of surrogate toxicity data.

EPA considered acute toxicity data at the closest taxonomic level possible to calculate geometric
mean acute toxicity values (i.e., LCso) for each species assessed. Considering surrogate toxicity
data at the most phylogenetically-related taxonomic level possible accounted for genetically-
derived traits conserved across taxa that may directly influence sensitivity to a pollutant.
Geometric mean acute toxicity values at the genus, family, and order-level were calculated as the
geometric mean of lower taxonomic-level geometric mean values, since these mean values are
meant to represent the sensitivity for a particular taxon. Species-specific and surrogate acute
toxicity data obtained from Appendix A of USEPA (2013) represent sensitivity expressed as a
concentration that will acutely affect half of the species population. Acute toxicity data
(expressed as LCso) were therefore adjusted to an acute minimum effect threshold concentration
(i.e., LCs) that represents a concentration expected to affect 5% of the test population of a listed
species under continuous exposure conditions in a 96-hour toxicity test for fish, or a 48-hour
toxicity test for specific invertebrate species (e.g., Ceriodaphnia dubia). Representing acute
minimum effect thresholds as an LCs value is conservative because high-quality toxicity tests are
considered acceptable even when up to 10% mortality is observed in the control treatment
(organisms not exposed to the pollutant). Moreover, the use of a five percent toxicity value to
represent an acute minimum effect threshold to an individual is consistent with reasonable and
prudent measures (RPMs) outlined in a recent biological opinion (NOAA 2012).

Raw empirical acute toxicity data may be used to calculate LCs values directly from the
concentration-response (C-R) curves of the listed species-specific toxicity tests, when available.
However, not all acute tests provide concentration-response data. Therefore, species-specific, or
surrogate LCso values (which represent listed species 50% effect level), were transformed to an
acute minimum effect threshold concentration through an acute taxonomic adjustment factor
(TAF) or an acute mean adjustment factor (MAF). An acute TAF was calculated by averaging
(geometric mean) the ratios of LCso:LCs from chemical-specific acute toxicity tests conducted
using species from the closest possible phylogenetic category (i.e., same species, genus, family,
or order) to the listed species that is being assessed (genus, family, and order-level acute TAFs
were calculated as the geometric mean of lower taxonomic-level geometric mean acute TAFs to
ensure adequate representation of all lower-level taxa for a particular taxon).

When data availability did not allow for the development of an acute TAF within the same order
as the species being assessed, EPA considered applying an acute invertebrate or vertebrate TAF
(depending on whether the listed species assessed was an invertebrate or vertebrate). The acute
invertebrate TAF and the acute vertebrate TAF were calculated as the geometric mean of genus-
level LCs0:LCs ratios of invertebrates and vertebrates, respectively. An acute MAF was used to
adjust species effect concentrations (i.e., LCso) to low effect threshold concentrations (i.e., LCs)
when; 1) an acute TAF was not available within the same order as the listed species being
assessed and 2) when the acute invertebrate TAF and the acute vertebrate TAF were not
significantly different via a two-sample t-test assuming unequal variances (o = 0.05). The acute





MAF was calculated as the geometric mean of all genus-level LCso:LCs ratios available. Acute
invertebrate and vertebrate TAFs and the acute MAF were calculated as the geometric mean of
their respective genus-level LCso:LCs ratios to limit the influence of LCs0:LCs ratios from

species that are overly represented in a dataset, similar to criteria derivation (Stephan et al.
1985).

After calculating appropriate adjustment factors, listed species-specific or surrogate LCso values
were then divided by the appropriate adjustment factor (i.e., acute TAF or acute MAF depending
on data availability) to derive an acute minimum effect threshold concentration. Dividing LCso
values by an adjustment factor to identify a minimum-level effect concentration is an approach
that is fundamentally similar to acute criteria derivation', but is more specific to the chemical and
species assessed. Acute minimum effect threshold concentrations were then compared to
corresponding criterion magnitudes (i.e., criterion maximum concentration [CMC]) to assess
potential direct adverse effects of ammonia exposures at the acute criterion concentration over
conservative exposure durations).

Vertebrate sensitivity to ammonia in freshwaters is dependent on pH, due to ammonia speciation
differences, with tolerance decreasing as pH increases. Invertebrate sensitivity is influenced by
both pH and temperature. Invertebrate sensitivity to ammonia is influenced by pH following the
same relationship observed for vertebrates, and in addition, invertebrate tolerance to ammonia
increases with decreasing temperatures (see USEPA 2013).

The acute freshwater ammonia criterion magnitude (USEPA 2013) is further modified when
salmonids in the Genus Oncorhynchus are present, in order to protect adult rainbow trout (a
commercially and recreationally important species), which are the most sensitive species at
lower temperatures (i.e., < 15.7°C). Thus, the CMC is both pH- and temperature-dependent. The
CMC increases with decreasing temperature as a result of decreased invertebrate sensitivity until
it reaches a plateau of 24.10 mg TAN/L at 15.7°C and below, where the most sensitive taxon is
the temperature-sensitivity-invariant rainbow trout. Unlike the criterion magnitude, however,
invertebrate sensitivity to ammonia continues to decrease with decreasing temperature. Figure 2-
1 depicts the change in the ammonia CMC across water chemistries (i.e., the change in acute
criterion magnitude with temperature at pH 6, 7, 8, and 9) in relation to the change in the acute
minimum effect threshold for the fat pocketbook: Family Unionidae (from Section 3.2.1), which
increase proportionally until 15.7°C, when the CMC reaches its plateau implemented to protect
Oncorhynchus species.

The acute effects assessment described in this document was developed using toxicity data
normalized to reference conditions (pH = 7, temperature = 20°C) and compared to the

IThe Final Acute Value (FAV; fifth centile of genus mean acute values) is divided by 2.0 to derive the Criterion
Maximum Concentration (CMC). The FAV was divided by 2.0 to ensure the CMC is representative of a
concentration that will not severely adversely affect too many organisms. To support the development of the 1985
Guidelines, a Federal Register notice published in 1978 (Vol 43, pp. 21506-21518; USEPA 1978) outlined the
derivation of a generic LCso to LCiow (i.€., 0-10% effect) adjustment factor of 0.44 (or divide by 2.27). The
adjustment factor of 2.27 was derived as the “geometric mean of the quotients of the highest concentration that
killed 0-10% of the organisms divided by the LCsg in 219 acute toxicity tests.” The geometric mean adjustment
factor (2.27) outlined in the 1978 Federal Register notice was subsequently rounded to 2.0 in the 1985 Guidelines
(Stephan et al. 1985).





corresponding CMC in those same reference conditions. Because species sensitivity and the
CMC both change similarly across water chemistries, conclusions based on reference conditions
translate to other water chemistries.
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Figure 2-1: Acute ammonia criterion magnitudes extrapolated across a temperature
gradient at pH 6, 7, 8 and 9 (Panels A-D). The acute minimum threshold concentration
calculated for the fat pocketbook (per Section 3.2.1 of this document) is overlaid on the
acute criterion magnitude. Using the depiction at pH 7 (Panel B) as the example, the
criterion magnitude increases with decreasing temperature as a result of increased
invertebrate tolerance until the CMC reaches a plateau of 24.10 mg TAN/L at 15.7°C and
below, where the most sensitive taxa is the temperature-sensitivity-invariant rainbow trout.
The criterion plateau (indicated by the dotted line) also changes with pH. The fat
pocketbook acute minimum effect threshold continues to decrease as temperature
increases. In waters warmer than 15.7°C, the factor difference between the acute criterion
magnitude and acute minimum effect threshold for the fat pocketbook is 2.077.

Assessing the acute criterion magnitude alone did not consider the duration and frequency
components of the criterion and represents a conservative exposure scenario that assumes a
pollutant concentration in all Louisiana freshwaters will be at the acute criterion magnitude
indefinitely. If a listed species acute minimum effect threshold concentration was greater than the
corresponding acute criterion magnitude, then a refined assessment and consideration of realistic
exposure was not necessary. In such cases, the species was Not Likely to be Adversely Affected
(NLAA) through direct acute ammonia exposures (at the acute criterion magnitude) in
freshwaters. Conversely, if a listed species acute minimum effect threshold concentration was
less than the corresponding acute criterion magnitude, then EPA considered how criteria are
implemented in National Pollution Discharge Elimination System (NPDES) permits in a refined
assessment to consider realistic exposure before making an effect determination based on the
acute ammonia criterion.
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2.1.2 Direct Acute Effects to Freshwater Plants

One listed aquatic/semi-aquatic plant species occurs in Louisiana freshwaters. Given limited
plant toxicity data relative to animals, direct acute effects of ammonia (at the acute ammonia
freshwater criterion magnitude) to the aquatic/semi-aquatic freshwater plant were evaluated
through a qualitative approach by considering sensitivity of plants relative to most-sensitive taxa
used to derive the freshwater acute ammonia criterion.

2.2 Chronic Effect Assessment Methodology: Direct Effects

2.2.1 Direct Chronic Effects to Freshwater Animals

The effects of chronic ammonia exposures, consistent with the freshwater chronic ammonia
criterion magnitude, were assessed by identifying or estimating chronic toxicity values (i.e.,
EC20) for Louisiana aquatic listed species that were then adjusted to represent protective low
effect threshold concentrations as described below. Ammonia chronic toxicity values used to
develop the chronic effects assessments were obtained from Appendix B of the ammonia 304(a)
aquatic life criteria document (USEPA 2013). These data were specifically used to derive the
ammonia criterion (i.e., bold values in Appendix B) and were identified from EPA’s ECOTOX
database, the open and grey literature, and have been subjected to extensive data quality review
(see Stephan et al. 1985 for data quality objectives). Chronic ammonia toxicity data (i.e., EC20)
used to support the effects assessment have been normalized to a pH of 7 (all freshwater species)
and 20°C (freshwater invertebrates only), consistent with criteria derivation (USEPA 2013).
Ideally, species-specific toxicity data would be available to support a chronic effects assessment;
however, data limitations often required use of surrogate toxicity data. EPA considered chronic
toxicity data at the closest taxonomic level to calculate geometric mean chronic toxicity values
for each species assessed (i.e., EC20). Considering surrogate toxicity data at the most
phylogenetically-related taxonomic level possible accounts for genetically-derived traits
conserved across taxa that may directly influence sensitivity to a pollutant. Geometric mean
chronic toxicity values at the genus, family, and order-level were calculated as the geometric
mean of lower taxonomic-level geometric mean values, since these mean values are meant to
represent the sensitivity for a particular taxon.

Unlike acute criteria derivation, which typically uses a generic LC50 to LClow adjustment factor
(i.e., 2.01; Stephan et al. 1985), chronic criteria are based directly on chronic effect
concentrations (e.g., EC20) and do not incorporate a generic ECx to EClow adjustment factor.
However, a concentration that results in chronic effects to 20% of a listed species population
may not be considered acceptable for listed species. Therefore, a similar convention used for the
acute assessment methodology was applied to the chronic effect assessment methodology to
determine a chronic minimum effect threshold concentration (i.e., EC5) from chronic toxicity
values.

Raw empirical chronic toxicity data may be used to calculate ECS5 values directly from the

concentration-response (C-R) curves of the listed species-specific toxicity tests, when available.
However, not all chronic tests provide concentration-response data. Therefore, species-specific,
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or surrogate EC20 values (which represent listed species 20% effect level), were transformed to
a chronic minimum effect threshold concentration through the use of a chronic taxonomic
adjustment factor (TAF) or a chronic mean adjustment factor (MAF), in the same manner as the
acute adjustment factors were, as described above. Specifically, a chronic TAF was calculated by
averaging (geometric mean) the ratios of EC20:EC5 from chemical specific chronic toxicity tests
conducted using species in the closest possible phylogenetic proximity (same species, genus,
family, or order) as the listed species that was being assessed (genus, family, and order-level
chronic TAFs were calculated as the geometric mean of lower taxonomic-level geometric mean
chronic TAFs to ensure adequate representation of all lower-level taxa for a particular taxon).

When data availability did not allow for the development of a chronic TAF within the same order
as the species being assessed, EPA considered applying a chronic invertebrate or vertebrate TAF
(depending on whether the species assessed was an invertebrate or vertebrate). The chronic
invertebrate TAF and the chronic vertebrate TAF were calculated as the geometric mean of
genus-level EC20:ECS ratios of invertebrates and vertebrates, respectively. A chronic MAF was
used to adjust species effect concentrations (i.e., EC20) to low effect threshold concentrations
(i.e., EC5) when; 1) a chronic TAF was not available within the same order as the listed species
being assessed and 2) when the chronic invertebrate TAF and the chronic vertebrate TAF were
not significantly different via a two-sample t-test assuming unequal variances (o = 0.05). The
chronic MAF was calculated as the geometric mean of all genus-level EC20:ECS5 ratios
available. Chronic invertebrate and vertebrate TAFs and the chronic MAF were calculated as the
geometric mean of their respective genus-level EC20:ECS5 ratios to limit the influence of
EC20:ECS5 ratios from species that are overly represented in a dataset, similar to criteria
derivation (Stephan et al. 1985).

Listed species-specific or surrogate EC20 values were then divided by an appropriate adjustment
factor (i.e., chronic TAF or chronic MAF depending on data availability) to derive a chronic
minimum effect threshold concentration. Chronic minimum effect threshold concentrations were
then compared to the corresponding criterion magnitude (i.e., criterion continuous concentration
[CCCQ)) to assess potential adverse effects of ammonia exposures at the chronic criterion
concentration.

The freshwater ammonia CCC is both pH- and temperature-dependent. Chronic vertebrate
sensitivity to ammonia in freshwater is affected by pH, while chronic invertebrate sensitivity to
ammonia is influenced by temperature and pH. Figure 2-2 depicts the change in CCC across
water chemistries and how the chronic minimum effect threshold for the fat pocketbook (from
Section 3.2.2) changes proportionally with the criterion magnitude (factor difference of 0.515).
Because species sensitivity and the CCC both change similarly across water chemistries,
conclusions based on reference conditions translate to other water chemistries.
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Figure 2-2: Chronic ammonia criterion magnitude extrapolated across a temperature
gradient at pH 6, 7, 8 and 9 (Panels A-D) with the fat pocketbook (per Section 3.2.2 of this
document) chronic ammonia minimum effect threshold concentration overlaid. The factor
difference between the chronic criterion magnitude and chronic minimum effect threshold
for the fat pocketbook is 0.515.

Assessing a chronic criterion magnitude alone does not consider the duration and frequency
components of the criterion and represents a conservative exposure scenario that assumes a
pollutant concentration in all Louisiana freshwaters will be at the chronic criterion magnitude
indefinitely. If a listed species chronic minimum effect threshold concentration was greater than
the corresponding chronic criterion magnitude, then a refined assessment and consideration of
realistic exposure was not necessary. In such cases, the species was Not Likely to be Adversely
Affected (NLAA) through direct chronic ammonia exposures (at the chronic criterion
magnitude) in freshwaters. Conversely, if a listed species chronic minimum effect threshold
concentration was less than the corresponding chronic criterion magnitude, then EPA considered
how criteria are implemented in National Pollution Discharge Elimination System (NPDES)
permits in a refined assessment to consider realistic exposure before making an effect
determination based on the chronic ammonia criterion.

2.2.2 Direct Chronic Effects to Freshwater Plants

One listed aquatic/semi-aquatic plant species occurs in Louisiana freshwaters. Given limited
plant toxicity data relative to animals, direct chronic effects of ammonia (at the chronic ammonia
freshwater criterion magnitude) to the aquatic/semi-aquatic freshwater plant were evaluated
through a qualitative approach by considering sensitivity of plants relative to most-sensitive taxa
used to derive the freshwater chronic ammonia criterion.
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2.3 Indirect Effects: Assessment of Acute and Chronic Criteria

Following assessment of direct acute and chronic effects, EPA considered and assessed potential
indirect effects of the water quality standard approval actions on aquatic organisms and aquatic-
dependent animals (note, aquatic-dependent species were not evaluated for potential direct
effects given no meaningful exposure). To assess potential indirect effects, EPA considered
potential effects to listed animal prey items. EPA did not include a full evaluation of indirect
effects of the water quality standard approval actions on listed aquatic/semi-aquatic species,
because indirect effects are not likely to adversely affect plants given their life histories and
biology (i.e., assimilate nutrients from sediments and energy through photosynthesis).

24 Listed Species: Final Effects Determinations

Final effect determinations were based on direct and/or indirect effects of EPA’s approval of the
acute and chronic ammonia (freshwater) water quality standards in Louisiana. For aquatic listed
species, EPA considered direct acute and chronic effects as well as indirect effects to make a
final effects determination. For aquatic-dependent listed species, such as birds and mammals,
EPA concludes there will be no direct effects of ammonia in freshwater (as a result of no
meaningful direct exposure) and made a final effects determination based on indirect effects
only.

2.5 Critical Habitat: Effects Assessment and Final Critical Habitat Effects
Determinations

Following listed species final effects determinations, EPA made critical habitat effects
assessment for designated critical habitat pertaining to aquatic and aquatic-dependent species in
the action area. EPA considered Physical and Biological Features (PBFs, formally Primary
Constituent Elements [PCEs]) essential to critical habitat and potential effects to listed species
prey items (evaluated through the indirect effects assessment) to determine if the proposed action
is Likely to Adversely Modify critical habitat, or if the proposed action is Not Likely to
Adversely Modify critical habitat.

3.0 Ammonia Effects Assessments

3.1 Louisiana Pearlshell (Margaritifera hembeli)
3.1.1 Louisiana Pearlshell Acute Ammonia Effects Assessment: Freshwater

3.1.1.1 Identifying Louisiana Pearlshell Acute Ammonia Data

High-quality species-level or genus-level acute toxicity data from Appendix A of the 2013
Ammonia 304(a) Aquatic Life Criteria document were not available for Louisiana pearlshell;
however, genus-level acute toxicity data from Wang et al. (2017) were available to represent the
sensitivity of this mussel species to acute ammonia exposures. The Margaritifera genus mean
acute value (GMAV), 61.23 mg/L normalized to a pH of 7 and 20°C, is based on a single species
mean acute value (SMAV) — see Table 3-1.
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Table 3-1. Data used to calculate the Margaritifera GMAY representative of Louisiana
pearlshell to ammonia.

SMAV GMAV
Family Species (mg/L)* (mg/L)*
Louisiana pearlshell,

Margaritiferidae Margaritifera hembeli N/A 61.23
ep Western pearlshell, '
Margaritiferidae Margaritifera falcata 61.23

2 Normalized to a pH 7 and 20°C (USEPA 2013).
N/A: not available.

3.1.1.2 Deriving LCso to LCs Acute Adjustment Factor

Raw empirical acute toxicity data were not available for Louisiana pearlshell, but were available
for a surrogate species within the same genus (i.e., western pearlshell; Wang et al. 2017). For the
acute western pearlshell test (Wang et al. 2017) and all other acceptable acute ammonia toxicity
tests with available raw data, data were fit to C-R models using the “analysis of dose-response
curves” (drc) package within the R statistical software program. Please see Appendix C for curve
fitting and curve assessment methodologies. Briefly, C-R data were fit using a suite of models
and the most appropriate model fit for each set of C-R data was selected based on statistical
metrics. Selected models were then evaluated to determine whether they were (1) acceptable for
quantitative use, (2) qualitative use, or (3) unacceptable for use. Appendix A contains raw C-R
data, corresponding point estimates (i.e., LCx), model fits, and use classification for all acute C-R
models that were considered to be quantitatively acceptable or qualitatively acceptable. In
addition to Appendix A, please see the attached supplemental information:

NH3_Supplemental Information A, for acute C-R curves and model diagnostics.

An acceptable C-R model was generated using a 2 parameter Weibull type 1 model for the acute
western pearlshell test (Wang et al. 2017; See Am-Acute-1 in Appendix A). This value served
directly as the Margaritifera genus-level TAF of 2.801, representative of the Louisiana
pearlshell.

3.1.1.3 Calculating Louisiana Pearlshell Acute Ammonia Minimum Effect Threshold
Dividing the estimated Louisiana pearlshell GMAV (61.23 mg/L) by the acute Margaritifera
genus-level TAF (2.801) results in an acute minimum effect threshold concentration of 21.86
mg/L (normalized to a pH 7 and 20°C).

3.1.1.4 Louisiana Pearlshell: Acute Ammonia Effects Determination

The acute ammonia CMC at pH 7 and 20°C (17 mg/L) is 1.3 times lower than the acute
ammonia minimum effect threshold of 21.86 mg/L total ammonia calculated for the Louisiana
pearlshell. As a result, the acute ammonia water quality standard is Not Likely to Adversely
Affect (NLAA) the Louisiana pearlshell through direct acute effects.

3.1.2 Louisiana Pearlshell Chronic Ammonia Effects Assessment: Freshwater

3.1.2.1 Identifying Louisiana Pearlshell Chronic Ammonia Data
High-quality species-, genus-, or family-level chronic toxicity data from Appendix B of the 2013
Ammonia 304(a) Aquatic Life Criteria document were not available for the Louisiana pearlshell.
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Order-level chronic toxicity data were, therefore, used to determine a chronic toxicity value (i.e.,
EC»y0) 0of 2.728 mg/L (pH 7 and 20°C) representative of Louisiana pearlshell (Table 3-2). The
Unionoida OMCYV is based on chronic toxicity test results reported for three different freshwater
unionid species, the wavy-rayed lamp mussel (Genus Lampsilis), the fatmucket (Genus
Lampsilis), and the rainbow mussel (Genus Villosa). All three tests were conducted with 2-
month old juveniles, and the test endpoint for all tests was 28-day survival (Wang et al. 2007a;
Wang et al. 2011). All ECyo values used to derive the Unionoida OMCYV were used to derive the
chronic criterion (bolded values in Appendix B of USEPA [2013]) and have been normalized to
a pH of 7 and 20°C.

Table 3-2. Data used to calculate the Unionoida OMCY representative of Louisiana
pearlshell sensitivity to ammonia, and the Unionidae FMCYV representative of inflated
heelsplitter, fat pocketbook, and rabbitsfoot (as in Sections 2.2.2 and 2.3.2).

Order SMCV | GMCV | FMCV | OMCV
Family Species (mg/L)* | (mg/L)* | (mg/L)* | (mg/L)*
L p Louisiana Pearlshell,
Unionoida Margaritiferidae Marearitifera hembeli N/A N/A N/A
Unionoida Unionidae Wavy-l.”a.yed Lgmp mussel, 1.408
Lampsilis fasciola 5126
Unionoida Unionidae Fatmu(?k.et, e 3.211
Lampsilis siliquoidea
L L Inflated Heelsplitter,
Unionoida Unionidae Potamilus inflatus N 2.728
Fat pocketbook N/A 2.728
Unionoida Unionidae at PocKebook, N/A )
Potamilus capax
Rabbitsfoot,
Unionoida Unionidae Thelidema cylindrica N/A N/A
cylindrica
Unionoida Unionidae R%nnbov.v 'mussel, 3.501 3.501
Villosa iris

2 Normalized to a pH 7 and 20°C (USEPA 2013).
N/A: not available.

3.1.2.2 Deriving EC>oto ECs Chronic Adjustment Factor

High-quality chronic toxicity data were not available for the Louisiana pearlshell at the species-,
genus-, or family-level, and therefore, no raw empirical toxicity data were available to support
the derivation of an EC2:ECs adjustment factor within the family-level. As a result, EPA
analyzed C-R data for the same three chronic ammonia toxicity tests with surrogate species
within the same order as the Louisiana pearlshell. For chronic tests with these species, and all
other acceptable chronic ammonia toxicity tests with available raw data, data were fit to C-R
models using the “analysis of dose-response curves” (drc) package within the R statistical
software program. Please see Appendix C for curve fitting and curve assessment methodologies.
Briefly, C-R data were fit using a suite of models and the most appropriate model fit for each set
of C-R data was selected based on statistical metrics. Selected models were then evaluated to
determine whether they were (1) acceptable for quantitative use, (2) qualitative use, or (3)
unacceptable for use. Appendix B contains raw C-R data, corresponding point estimates (i.e.,
ECx), model fits, and use classification for all chronic C-R models that were considered to be
quantitatively acceptable or qualitatively acceptable. In addition to Appendix B, please see the

16





attached supplemental information: NH3 Supplemental Information B, for chronic C-R curves
and model diagnostics.

Of the three chronic tests with Unionida species, the C-R model fit to the wavy-rayed lamp
mussel was classified as quantitatively acceptable, and the C-R models for the fatmucket and
rainbow mussel were classified as qualitatively acceptable. The EC20:ECs ratio from the wavy-
rayed lamp mussel test was 2.809 (Appendix B; Am-Chronic-1), and the fatmucket and rainbow
mussel ratios were 1.492 (Appendix B; Am-Chronic-2) and 1.193 (Appendix B; Am-Chronic-3),
respectively. The chronic Unionoida TAF, based on the quantitatively-acceptable EC20:ECs ratio
in the Order Unionoida, was 2.809.

The Unionidae TAF (2.809) that was based on the quantitatively-acceptable EC20:ECs ratio from
the wavy-rayed lamp mussel was nearly two times greater than the qualitatively-acceptable ratios
from other members of the Order Unionida. Therefore, application of the Unionidae TAF
ensured the Unionida OMCYV (representative of the Louisiana pearlshell) was transformed into a
chronic low effect threshold that was considered relatively conservative.

3.1.2.3 Calculating Louisiana Pearlshell Chronic Ammonia Minimum Effect Threshold
Dividing the estimated OMCYV value (2.728 mg/L; order-level surrogate) by the chronic

Unionoida order-level TAF (2.809) results in a chronic minimum effect threshold concentration
0f 0.9711 mg/L (normalized to pH 7 and 20°C).

3.1.2.4 Louisiana Pearlshell: Chronic Ammonia Effect Determination

The chronic ammonia CCC at pH 7 and 20°C (1.9 mg/L) is 1.96 times higher than the chronic
minimum effect threshold concentration of 0.9711 mg/L calculated for the Louisiana pearlshell,
suggesting the Louisiana pearlshell may experience chronic effects if continually exposed to
ammonia at the chronic criterion magnitude for an extended period of time (e.g., 28 days).
Continuous long-term exposures to ammonia, such as the laboratory-based exposures used to
derive the criterion, are anticipated to be relatively rare events considering aquatic life criteria
are conservatively implemented in NPDES permit limits. For example, NPDES permit limits
operate conservatively by assuming receiving streams are continually at low-flow conditions
which significantly limits the probability of in situ pollutant concentrations reaching criteria
magnitudes and durations. NPDES permit limits based on the chronic ammonia criterion
typically assume receiving streams are continually at 30Q10 or 30Q5 low-flow conditions (i.e.,
30-day average lowest flow over the course of a 5 or 10-year period). As a result, excess dilution
limits instream ammonia concentrations and drastically decreases the probability in situ
ammonia concentrations will reach criteria magnitudes and durations.

Independent of assuming low flow conditions, NPDES permits also provide an additional level
of protection by ensuring facilities discharge ammonia at Long Term Average concentrations
(LTAs), which are based on Waste Load Allocations® (WLAs) that are typically set as the 99™

2 A Waste Load Allocation (WLA) is the maximum allowable pollutant concentration in an
effluent from a discharger that, after accounting for available dilution under critical low flow
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(or 95™) centile of a log-normal distribution that describes effluent variability. Setting WLAs as
the 99 (or 95™) centile of an effluent distribution ensures permitted facilitates discharge
relatively low concentrations of ammonia so that the probability of in stream ammonia
concentrations reaching criteria concentrations is 1% (or 5%) under the additional protective
assumption that streams are always at critical low flow conditions. Setting WLAs as the 99" (or
95 centile of an effluent distribution while independently assuming streams are continually at
critical low flow conditions, ensures protection of aquatic life by further reducing the probability
that in stream ammonia concentrations reach criteria magnitudes. Thus, it is highly unlikely (e.g.,
1% [or 5%] chance, even assuming streams are actually at 3Q10 [or 3Q5] low flow conditions;
USEPA 1991) the Louisiana pearlshell will be exposed to ammonia in sifu at the chronic
criterion magnitude for continuous exposure durations. As a result, approval of the chronic
ammonia water quality standard is not anticipated to result in ammonia concentrations and
exposure durations that will affect the Louisiana pearlshell though chronic effects and is,
therefore, Not Likely to Adversely Affect (NLAA) the Louisiana pearlshell through direct
chronic effects.

3.1.3 Louisiana Pearlshell Ammonia Indirect Effects Assessment: Freshwater

The Louisiana pearlshell filters phytoplankton and zooplankton from the water column as a
primary food source, both of which are relatively insensitive to acute and chronic ammonia
exposures. For example, USEPA (2013) states, plants (e.g., phytoplankton) were not used to
derive the ammonia criteria because “plants are substantially less sensitive than animals.”
Moreover, the most sensitive daphnid genus (i.e., Daphnia) represents the 50" and 87 centile of
the acute and chronic species sensitivity distributions (SSD), respectively (USEPA 2013).
Because Louisiana pearlshell food sources are insensitive to ammonia, EPA approval of
Louisiana acute and chronic ammonia standards will not result in ammonia exposures that
indirectly affect the Louisiana pearlshell and is, therefore, Not Likely to Adversely Affect
(NLAA) the Louisiana pearlshell through indirect effects.

3.2 Inflated Heelsplitter (Potamilus inflatus) and Fat Pocketbook (Potamilus capax)
3.2.1 Inflated Heelsplitter and Fat Pocketbook Acute Effects Assessment: Freshwater

3.2.1.1 Identifying Inflated Heelsplitter and Fat Pocketbook Acute Ammonia Data

High-quality species-level acute toxicity data from Appendix A of the 2013 Ammonia 304(a)
Aquatic Life Criteria document were not available for the inflated heelsplitter or fat pocketbook.
Genus-level acute toxicity data were, therefore, used to determine an acute toxicity value (i.e.,
LCs0) of >109 mg/L (normalized to pH 7 and 20°C) representative of the inflated heelsplitter and
fat pocketbook (Table 3-3). The Potamilus GMAYV is based on the pink papershell SMAV (>109
mg/L), which is represented by one (non-normalized) LCso value of >14.24 mg/L reported by
Wang et al. (2007b), or >109.0 when normalized to a pH 7 and 20°C (USEPA 2013).

conditions (e.g., 1Q10, 30Q5, 30Q10), will meet an applicable water quality criterion (USEPA
1991).
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Table 3-3. Data used to calculate the Potamilus GMAYV representative of inflated
heelsplitter and fat pocketbook to ammonia.

SMAV GMAV
Family Species (mg/L)* (mg/L)*
Inflated heelsplitter,

Unionidae Potamilus inflatus N/A

Unionidae | Lt pocketbook, N/A >109.0
Potamilus capax

Unionidae | Link papershell, >109.0

Potamilus ohiensis
2 Normalized to a pH 7 and 20°C (USEPA 2013).
N/A: not available.

3.2.1.2 Deriving LCso to LCs Acute Adjustment Factor

Raw empirical toxicity data were not available for the inflated heelsplitter or fat pocketbook at
the species- or genus-level, and therefore, no raw empirical toxicity data were available to
support the derivation of an LCs0:LCs acute adjustment factor for the genus Potamilus. As a
result, a family level LCso:LCs acute adjustment factor of 3.131 was calculated from
quantitatively-acceptable C-R model data from 28 tests encompassing 10 surrogate species and 6
surrogate genera within the family Unionidae (Table 3-4).

3.2.1.3 Calculating Inflated Heelsplitter and Fat Pocketbook Acute Ammonia Minimum
Threshold

Dividing the Potamilus GMAV (>109.0 mg/L) by the acute Unionidae family-level TAF (3.131)

resulted in an acute minimum effect threshold concentration of >34.81 mg/L (normalized to pH 7

and 20°C) that is representative of the inflated heelsplitter and fat pocketbook.

3.2.1.4 Inflated Heelsplitter and Fat Pocketbook: Acute Ammonia Effects Determination

The acute ammonia CMC at pH 7 and 20°C (17 mg/L) is 2.0 times lower than the acute
ammonia minimum effect threshold of >34.81 mg/L total ammonia calculated for the inflated
heelsplitter and fat pocketbook. The inflated heelsplitter and fat pocketbook acute minimum
effect threshold concentration, based on continuous laboratory exposures, is greater than the
corresponding criterion magnitude. As a result, approval of the acute ammonia water quality
standard is Not Likely to Adversely Affect (NLAA) the inflated heelsplitter and fat pocketbook.
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Table 3-4. Acute LCs0:LCs ratios from analysis of 28 high-quality acute ammonia toxicity tests with freshwater aquatic

organisms used to derive an acute ammonia family TAF representative of the inflated heelsplitter and fat pocketbook in this

section, and rabbitsfoot (as in Section 3.3.1).

(Note: the acute family TAF is the geometric mean of all available genus-level LCso:LCs ratios).

Species-level

Genus-level

Family-level

LCso LCos LCso: | C-R Curve TAF TAF TAF
Order Family Species (mg/L) | (mg/L) | LCos | Label Reference (LCs0:LCos) (LCs0:LCos) (LCs0:LCos)
Unionoida | Unionidae | Mucket (glochidia), 7.278 4319 | 1.685 | Am-Acute2 | Wang etal. 2007b
Actinonaias ligamentina
Unionoida | Unionidae Mu$:ket (glochldla), . 9.649 3.965 2433 | Am-Acute 3 Wang et al. 2007b 2.265
Actinonaias ligamentina 2.655
Unionoida | Unionidae Mu$:ket (glochldla), . 6.727 2.373 2.835 | Am-Acute 4 Wang et al. 2007b
Actinonaias ligamentina
Unionoida | Unionidae | DWart wedgemussel (glochidia), ||, 5 6.941 | 3.111 | Am-Acute6 | Wang et al. 2007b 3.111
Actinonaias heterodon
Oyster mussel
Unionoida | Unionidae | (<5 day old juvenile), 6.094 3.342 1.824 | Am-Acute 8 Wang et al. 2007b
Epioblasma capsaeformis
Unionoida | Unionidae | OYStermussel. 6.045 1.768 | 3.420 | Am-Acute9 | Wang etal. 2007b 4397 4597
Epioblasma capsaeformis
Unionoida | Unionidae | OYStermussel, 3.716 0239 | 1558 | Am-Acute 10 | Wang et al. 2007b
Epioblasma capsaeformis
Unionoida | Unionidae | ©ink mucket (2 moold juvenile), | ) 4o, 0.860 | 2.889 | Am-Acute 11 | Wang et al. 2007a 2.889 3.131
Lampsilis abrupta
Wavy-rayed lampmussel
Unionoida | Unionidae | (glochidia), 9.270 3314 2.797 | Am-Acute 14 | Wang et al. 2007b
Lampsilis fasciola 3.487
Wavy-rayed lampmussel ’
Unionoida | Unionidae | (glochidia), 6.747 1.552 4.346 | Am-Acute 15 | Wang et al. 2007b
Lampsilis fasciola
Neosho mucket 2.353
Unionoida | Unionidae | (<5 day old juvenile), 10.689 5.081 2.104 | Am-Acute 17 | Wang et al. 2007b
Lampsilis rafinesqueana 1.612
Unionoida | Unionidac | Neosho mucket (glochidia), 8.198 6.636 | 1235 | Am-Acute 18 | Wang etal. 2007b
Lampsilis rafinesqueana
Unionoida | Unionidae Fatmuc.k.et (.3. mo o Id juvenile), 7.773 1.238 6.277 | Am-Acute 19 | Miao et at. 2010
Lampsilis siliquoidea 2.617
Unionoida | Unionidae | Fatmucket (2 mo old juvenile), 4.079 1.200 3.406 | Am-Acute 20 | Wang et al. 2007a
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Order

Family

Species

LCso
(mg/L)

LCos
(mg/L)

LCso:
LCos

C-R Curve
Label

Reference

Species-level
TAF
(LCs0:LCos)

Genus-level
TAF
(LCs0:L.Cos)

Family-level
TAF
(LCs0:LCos)

Lampsilis siliquoidea

Unionoida

Unionidae

Fatmucket (7 day old juvenile),
Lampsilis siliquoidea

9.869

6.345

1.556

Am-Acute 21

Wang et al. 2008

Unionoida

Unionidae

Fatmucket (7 day old juvenile),
Lampsilis siliqguoidea

4.582

3.423

1.338

Am-Acute 22

Wang et al. 2008

Unionoida

Unionidae

Fatmucket (7 day old juvenile),
Lampsilis siliquoidea

3.415

1.171

2.916

Am-Acute 23

Wang et al. 2008

Unionoida

Unionidae

Fatmucket (7 day old juvenile),
Lampsilis siliquoidea

1.010

0.412

2.449

Am-Acute 24

Wang et al. 2008

Unionoida

Unionidae

Fatmucket (glochidia),
Lampsilis siliqguoidea

7.791

2.168

3.594

Am-Acute 30

Wang et al. 2007b

Unionoida

Unionidae

Fatmucket (glochidia),
Lampsilis siliquoidea

10.53

5.473

1.924

Am-Acute 31

Wang et al. 2007b

Unionoida

Unionidae

Washboard
(6-10 day old juvenile),
Megalonaias nervosa

5.297

0.970

5.461

Am-Acute 32

Wang et al. 2017

5.461

5.461

Unionoida

Unionidae

Ellipse (glochidia),
Venustaconcha ellipsiformis

4.740

2.215

2.140

Am-Acute 38

Wang et al. 2007b

2.139

2.139

Unionoida

Unionidae

Rainbow mussel
(2 mo old juvenile),
Villosa iris

3.056

2.090

1.462

Am-Acute 39

Wang et al. 2007b

Unionoida

Unionidae

Rainbow mussel
(2 mo old juvenile),
Villosa iris

11.54

2.762

4.176

Am-Acute 40

Wang et al. 2007b

Unionoida

Unionidae

Rainbow mussel
(5 day old juvenile),
Villosa iris

15.95

6.504

2.452

Am-Acute 41

Scheller 1997

Unionoida

Unionidae

Rainbow mussel
(<5 day old juvenile),
Villosa iris

6.759

3.220

2.099

Am-Acute 42

Wang et al. 2007b

Unionoida

Unionidae

Rainbow mussel
(2-5 day old juvenile),
Villosa iris

0.103

0.033

3.094

Am-Acute 43

Mummert et al.
2003

Unionoida

Unionidae

Rainbow mussel
(<3 day old juvenile),
Villosa iris

7.730

2.508

3.082

Am-Acute 44

Scheller 1997

2.587

2.587
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3.2.2 Inflated Heelsplitter and Fat Pocketbook Chronic Ammonia Effects Assessment:
Freshwater

3.2.2.1 Inflated Heelsplitter and Fat Pocketbook Chronic Ammonia Data

High-quality chronic toxicity data document were not available for the inflated heelsplitter, fat
pocketbook, or other species within the genus Potamilus. Family-level chronic toxicity data
were, therefore, used to determine a chronic toxicity value (i.e., EC20) of 2.728 mg/L (normalized

to pH 7 and 20°C) representative of the two Potamilus species (refer to Section 3.1.2.1 and Table
3-2).

3.2.2.2 Deriving EC2oto ECs Chronic Adjustment Factor

Chronic toxicity data were not available for the inflated heelsplitter or fat pocketbook at the
species- or genus-level, and therefore, no raw empirical toxicity data were available to support
the derivation of an EC2:ECs adjustment factor within the Genus Potamilus. As a result, EPA
analyzed C-R data for the same three chronic ammonia toxicity tests with surrogate species in
the same family as the inflated heelsplitter and fat pocketbook.

Raw empirical chronic toxicity data were fit to C-R models calculate EC»o and corresponding
ECs values for the three tests with Unionidae species. Of these, the C-R model fit to the wavy-
rayed lamp mussel provided the only quantitatively-acceptable model. The ratio of 2.809 for the
was used the Unionidae TAF representative of the inflated heelsplitter and fat pocketbook (refer
to Section 3.1.2.2).

3.2.2.3 Calculating Inflated Heelsplitter and Fat Pocketbook Chronic Ammonia Minimum Effect
Threshold

Dividing the estimated inflated heelsplitter and fat pocketbook EC»¢ value (2.728 mg/L; family-

level surrogate) by the Unionidae family-level TAF (2.809) resulted in a chronic minimum effect

threshold concentration of 0.9711 mg/L (normalized to pH 7 and 20°C).

3.2.2.4 Inflated Heelsplitter and Fat Pocketbook: Chronic Ammonia Effects Determination

The chronic ammonia CCC at pH 7 and 20°C (1.9 mg/L) is 1.96 times higher than the inflated
heelsplitter and fat pocketbook chronic minimum effect threshold concentration of 0.9711 mg/L,
suggesting these species may experience chronic effects if continually exposed to ammonia at
the chronic criterion magnitude for an extended period of time (e.g., 28 days). Continuous long-
term exposures to ammonia, such as the laboratory-based exposures used to derive the criterion,
are anticipated to be relatively rare events considering aquatic life criteria are conservatively
implemented in NPDES permit limits (please see Section 3.1.2.4 pertaining to discussion of
additional methods employed to ensure protection of aquatic life in the application of the chronic
ammonia criterion in NPDES permitting and resultant influence of realistic in situ ammonia
exposures). Approval of the chronic ammonia water quality standard is not anticipated to result
in ammonia concentrations and exposure durations that will affect the heelsplitter and fat
pocketbook though chronic effects and is, therefore, Not Likely to Adversely Affect (NLAA) the
heelsplitter and fat pocketbook through direct chronic effects.
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3.2.3 Inflated Heelsplitter and Fat Pocketbook Ammonia Indirect Effects Assessment:
Freshwater

The inflated heelsplitter and fat pocketbook filter phytoplankton and zooplankton from the water
column as a primary food source, both of which are relatively insensitive to acute and chronic
ammonia exposures. For example, USEPA (2013) states, plants (e.g., phytoplankton) were not
used to derive the ammonia criteria because “plants are substantially less sensitive than
animals.” Moreover, the most sensitive daphnid genus (i.e., Daphnia) represents the 50™ and 87%
centile of the acute and chronic species sensitivity distributions (SSD), respectively (USEPA
2013). Because inflated heelsplitter and fat pocketbook food sources are insensitive to ammonia,
EPA approval of inflated heelsplitter and fat pocketbook acute and chronic ammonia standards is
Not Likely to Adversely Affect (NLAA) these species through indirect effects.

33 Pink Mucket Pearlymussel (Lampsilis abrupta)
3.3.1 Pink Mucket Pearlymussel Acute Ammonia Effects Assessment: Freshwater

3.3.1.1 Identifying Pink Mucket Pearlymussel Acute Ammonia Data

High-quality species-level acute toxicity data were available for the pink mucket pearlymussel.
The pink mucket pearlymussel SMAV was based on a single acute test value (i.e., LCs0) 0of 26.03
mg/L (normalized to pH 7 and 20°C) using 2-month old juveniles (Wang et al. 2007a).

3.3.1.2 Deriving LCsg to LCs Acute Adjustment Factor

Raw empirical acute toxicity data were available for deriving an LCs0:LCs ratio for the pink
mucket pearlymussel, allowing for the calculation of a species-level TAF. EPA analyzed the C-R
data from the same acute toxicity test used to calculate the pink mucket pearlymussel SMAV and
calculated a quantitatively-acceptable LCso:LCs acute adjustment factor of 2.889 (See Am-
Acute-11 in Appendix A).

3.3.1.3 Calculating Pink Mucket Pearlymussel Acute Ammonia Minimum Threshold

Dividing the pink mucket pearlymussel SMAV (26.03 mg/L) by the corresponding acute
species-level TAF (2.889) resulted in an acute minimum effect threshold concentration of 9.011
mg/L (normalized to pH 7 and 20°C).

3.3.1.4 Pink Mucket Pearlymussel: Acute Ammonia Effects Determination

The acute ammonia CMC at pH 7 and 20°C (17 mg/L) is 1.9 times larger than the pink mucket
pearlymussel, acute ammonia minimum effect threshold of 9.011 mg/L, suggesting the pink
mucket pearlymussel may experience acute effects if continually exposed to ammonia at the
chronic criterion magnitude for an extended period of time (e.g., 4-days). Acute effect
concentrations are inherently linked to exposure duration; the longer organisms are exposed to a
particular pollutant, the lower the observed acute effect concentration is anticipated to be. The
acute ammonia criterion magnitude is associated with a one-hour duration, which is a
conservative approach, considering the pink mucket pearlymussel acute low effect threshold
concentration is based on a 96-hour continuous exposure toxicity test. The pink mucket
pearlymussel acute minimum effect threshold concentration may be lower than the criterion
magnitude; however, the duration component of the acute criterion provides a level of protection
that is not anticipated to result in adverse effects. For example, Table 4 of Wang et al. (2007a)
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reported a pink mucket pearlymussel 96-hr LCso of 26.03 total mg ammonia/L (normalized to pH
7 and 20°C) and a 48-hr LCso from the same acute toxicity test of 56.77 total mg ammonia/L.
(normalized to pH 7 and 20°C). The 48-hr LCso is more than two times greater than the
corresponding LCso at 96 hours, indicating greater tolerance at shorter exposure durations.

Acute aquatic life criteria are conservatively implemented in NPDES permit limits by assuming
receiving streams are continually at low-flow conditions which significantly limits the
probability of in situ pollutant concentrations reaching criteria magnitudes and durations.
NPDES permit limits based on the acute ammonia criterion typically assume a receiving stream
is continually at 1Q10 low-flow conditions, while the probability of these low-flow conditions
occurring is exceedingly rare (i.e., 1-day average lowest flow over the course of a 10-year
period). As a result, excess dilution limits instream ammonia concentrations and drastically
decreases the probability in situ ammonia concentrations will reach criteria magnitudes and
durations. Independent of assuming 1Q10 low flow conditions, NPDES permits also provide an
additional level of protection by ensuring facilities discharge ammonia at LTAs, which are based
on WLAS that are typically set as the 99 (or 95™) centile of a log-normal distribution that
describes effluent variability. This ensures permitted facilitates discharge relatively low
concentrations of ammonia so the probability of in stream ammonia concentrations reaching the
acute criterion magnitude is 1% (or 5%) under the additional protective assumption that streams
are always at 1Q10 low flow conditions. Setting WLAs as the 99 (or 95™) centile of an effluent
distribution while independently assuming streams are continually at critical low flow conditions
ensures protection of aquatic life by further reducing the probability that in stream ammonia
concentrations reach criteria magnitudes. Thus, it is highly unlikely (e.g., 1% [or 5%] chance,
even assuming streams are actually at 1Q10 low flow conditions; USEPA 1991) the pink mucket
pearlymussel will be exposed to ammonia in situ at the acute criterion magnitude for extended
exposure durations. As a result, approval of the acute ammonia water quality standard is not
anticipated to result in ammonia concentrations and exposure durations that will affect the pink
mucket pearlymussel though acute effects and is, therefore, Not Likely to Adversely Affect
(NLAA) the pink mucket pearlymussel through direct acute effects.

3.3.2 Pink Mucket Pearlymussel Chronic Ammonia Effects Assessment: Freshwater

3.3.2.1 Identifying Pink Mucket Pearlymussel Chronic Ammonia Data

High-quality chronic toxicity data were not available for the pink mucket pearlymussel. Chronic
toxicity data were available for two species within the Genus Lampsilis. Both tests were
performed using two-month old juveniles, and the endpoint for both tests was 28-day survival
(Wang et al. 2007a; Wang et al. 2011). These genus-level chronic toxicity data were used to
determine a Lampsilis chronic toxicity value (i.e., EC20) of 2.126 mg/L (normalized to pH 7 and
20°C) representative of pink mucket pearlymussel sensitivity to chronic ammonia exposures
(Table 3-5).
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Table 3-5. Data used to calculate the Lampsilis GMCYV representative of pink mucket
pearlymussel to ammonia.

SMCV GMCV
Family Species (mg/L)* (mg/L)*
Pink Mucket pearlymussel,

Unionidae s N/A
Lampsilis abrupta

Unionidae | 1 2Vy-rayed Lamp mussel, 1408 | 2.126
Lampsilis fasciola

Unionidae Fatmucket, 3.211

Lampsilis siliquoidea
2 Normalized to a pH 7 and 20°C (USEPA 2013).
N/A: not available.

3.3.2.2 Deriving EC2oto ECs Chronic Adjustment Factor

High-quality chronic toxicity data were not available for the pink mucket pearlymussel at the
species-level. The most closely related species with raw empirical toxicity data to support the
derivation of an EC20:ECs adjustment factor were within the Genus Lampsilis. EPA analyzed C-
R data for two available chronic ammonia toxicity tests of surrogate species (Table 3-5). The
final chronic Lampsilis genus-level TAF of 2.809 that is representative of pink mucket
pearlymussel was based on an acceptable C-R model fit for the wavy-rayed lampmussel (refer to
Section 3.1.2.2).

3.3.2.3 Calculating Pink Mucket Pearlymussel Chronic Ammonia Minimum Effect Threshold
Dividing the estimated pink mucket pearlymussel ECyo value (2.126 mg/L; genus-level
surrogate) by the Lampsilis genus-level TAF (2.809) results in a chronic minimum effect
threshold concentration of 0.7568 mg/L (normalized to pH 7 and 20°C).

3.3.2.4 Pink Mucket Pearlymussel: Chronic Ammonia Effects Determination

The chronic ammonia CCC at pH 7 and 20°C (1.9 mg/L) is 2.5 times larger than the pink mucket
pearlymussel chronic minimum effect threshold concentration of 0.7568 mg/L, suggesting the
pink mucket pearlymussel may experience chronic effects if continually exposed to ammonia at
the chronic criterion magnitude for an extended period of time (e.g., 28 days). Continuous long-
term exposures to ammonia, such as the laboratory-based exposures used to derive the criterion,
are anticipated to be relatively rare events considering aquatic life criteria are conservatively
implemented in NPDES permit limits (please see Section 3.1.2.4 pertaining to discussion of
additional methods employed to ensure protection of aquatic life in the application of the chronic
ammonia criterion in NPDES permitting and resultant influence of realistic in situ ammonia
exposures). Approval of the chronic ammonia water quality standard is not anticipated to result
in ammonia concentrations and exposure durations that will affect the pink mucket pearlymussel
though chronic effects and is, therefore, Not Likely to Adversely Affect (NLAA) the pink
mucket pearlymussel through direct chronic effects.

3.3.3 Pink Mucket Pearlymussel Ammonia Indirect Effects Assessment: Freshwater

The pink mucket pearlymussel filters phytoplankton and zooplankton from the water column as a
primary food source, both of which are relatively insensitive to acute and chronic ammonia
exposures. For example, USEPA (2013) states, plants (e.g., phytoplankton) were not used to
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derive the ammonia criteria because “plants are substantially less sensitive than animals.”
Moreover, the most sensitive daphnid genus (i.e., Daphnia) represents the 50" and 87" centile of
the acute and chronic species sensitivity distributions (SSD), respectively (USEPA 2013).
Because pink mucket pearlymussel food sources are insensitive to ammonia, EPA approval of
Louisiana acute and chronic ammonia standards is Not Likely to Adversely Affect (NLAA) the
pink mucket pearlymussel through indirect effects.

34 Rabbitsfoot (Thelidema cylindrica cylindrica)

3.4.1 Rabbitsfoot Acute Ammonia Effects Assessment

3.4.1.1 Identifying Rabbitsfoot Acute Ammonia Data

High-quality species- and genus-level acute toxicity data were not available for the rabbitsfoot.
Family-level acute toxicity data were, therefore, used to determine an acute toxicity value (i.e.,
LCso0) of 43.44 mg/L (pH 7) representative of the rabbitsfoot (Table 3-6). The Unionidae FMAV
was calculated as the geometric mean of 13 GMAVs. Collectively, ages of test organisms used to
derive the Unionidae FMAYV ranged from glochidia through 2-3 month old juveniles.

3.4.1.2 Deriving LCsg to LCs Acute Adjustment Factor

Raw empirical toxicity data were not available for the rabbitsfoot or other members of the genus
Thelidema to support the derivation of an LCso:L.Cs acute adjustment factor. As a result, a family
level LCs0:LCs acute adjustment factor of 3.131 was calculated from quantitatively-acceptable
C-R model data from 28 tests encompassing 10 surrogate species and 6 surrogate genera within
the family Unionidae (refer to Section 3.2.1.2 and Table 3-4).

3.4.1.3 Calculating Rabbitsfoot Acute Ammonia Minimum Effect Threshold

Dividing the estimated rabbitsfoot LCso value (43.44 mg/L; family-level surrogate) by the acute
Unionidae family-level TAF (3.131) resulted in an acute minimum effect threshold concentration
of 13.88 mg/L. (normalized to pH 7 and 20°C) representative of rabbitsfoot.

3.4.1.4 Rabbitsfoot: Acute Ammonia Effects Determination

The acute ammonia CMC at pH 7 and 20°C (17 mg/L), is 1.2 times larger than the rabbitsfoot
acute minimum effect threshold of 13.88 mg/L, suggesting the rabbitsfoot may experience acute
effects if continually exposed to ammonia for an extended period of time (e.g., 6 - 24 hours for
glochidia and 96 hours for juveniles). Acute effect concentrations are inherently linked to
exposure duration; the longer organisms are exposed to a particular pollutant, the lower the
observed acute effect concentration is anticipated to be. The acute ammonia criterion magnitude
is associated with a one-hour duration, which is a conservative approach, considering the
rabbitsfoot acute low effect threshold concentration is based on a 6-hour (glochidia life stage) to
96-hour continuous exposure toxicity test. Moreover, continuous long-term exposures to
ammonia, such as the laboratory-based exposures used to derive the criterion, are anticipated to
be relatively rare because of the conservative implementation of the acute criterion in NPDES
permit limits (please see Section 3.3.1.4 pertaining to discussion of additional methods employed
to ensure protection of aquatic life in the application of the acute ammonia criterion in NPDES
permitting and resultant influence of realistic in sifu ammonia exposures). Approval of the acute
ammonia water quality standard is not anticipated to result in ammonia concentrations and
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exposure durations that will affect the rabbitsfoot though acute effects and is, therefore, Not
Likely to Adversely Affect (NLAA) the rabbitsfoot through direct acute effects.
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Table 3-6. Data used to calculate the Unionidae FMAYV representative of Rabbitsfoot
sensitivity to ammonia.

Villosa iris

SMAV GMAV FMAV
Family Species (mg/L)* (mg/L)* (mg/L)*
Unionidae | Mucket, © _ 63.89
Actinonaias ligamentina
Ph t shell 71.25
Unionidae casatlt Shetl 79.46
Actinonaias pectorosa
- Dwarf wedge mussel,
Unionidae Alasmidonta heterodon >109.0 1200
Unionidae | Lpreeridge, 14.72 14.72
Amblema plecata
Unionidae | OYster mussel, . 31.14 31.14
Epioblasma capsaeformis
Unionidae | ‘Atlantic pigtoe, 47.40 47.40
Fusconaia masoni
Unionidae | ik mucket, 26.03
Lampsilis abrupta
Unionidae | - 1ain pocketbook, 50.51
Lampsilis cardium
Unionidae Wavy—?a.yed 1a.m p mussel, 48.11
Lampsilis fasciola 46.63
Unionidae | i8IS eye, 41.90
Lampsilis higginsii
Unionidae Fatmucjk.et,. L 55.42 4344
Lampsilis siliquoidea
Unionidae | Neosho mucket 69.97
Lampsilis rafinesqueana
Unionidae | Oreen floater, 2341 2341
Lasmigona subviridis
Unionidae | Vashboard, 4121 4121
Megalonaias nervosa
Unionidae | bk papershell, * >109.0 >109.0
Potamilus ohiensis
Unionidae Giant Flogeh . 70.73 70.73
Pyganodon grandis
.. Rabbitsfoot,
Unionidae Thelidema cylindrica N/A N/A
. Pondshell mussel,
Unionidae Utterbackia imbecillis 42.39 42.39
— Ellipse,
Unionidae Venustaconcha ellipsiformis 23.12 23.12
Unionidae | ainbow mussel, 34.23 34.23

2 Normalized to pH 7 and 20°C (USEPA 2013).

N/A: not available.
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3.4.2 Rabbitsfoot Chronic Ammonia Effects Assessment

3.4.2.1 Identifying Rabbitsfoot Chronic Ammonia Data

High-quality chronic toxicity data were not available for rabbitsfoot or other members of the
genus Thelidema. Family-level chronic toxicity data were, therefore, used to determine a chronic
toxicity value (i.e., EC20) of 2.728 mg/L (normalized to pH 7 and 20°C) representative of
rabbitsfoot (refer to Section 3.1.2.1 and Table 3-2).

3.4.2.2 Deriving the EC> to ECs Chronic Adjustment Factor

High-quality chronic toxicity data were not available for the rabbitsfoot at the species- or genus-
level, and therefore, no raw empirical toxicity data are available to support the derivation of an
EC20:ECs adjustment factor within the Genus Thelidema. As a result, EPA analyzed C-R data for
the same three chronic ammonia toxicity tests with surrogate species in the same family as the
rabbitsfoot. Of these, the wavy-rayed lamp mussel test was the only test that provided a
quantitatively-acceptable C-R model fit (EC:20 ECs ratio = 2.809; refer to Section 3.1.2.2).

3.4.2.3 Calculating the rabbitsfoot Chronic Ammonia Minimum Effect Threshold
Dividing the estimated rabbitsfoot ECz value (2.728 mg/L; family-level surrogate) by the
Unionidae family-level TAF (2.809) resulted in a chronic minimum effect threshold
concentration of 0.9711 mg/L (normalized to pH 7).

3.4.2.4 Rabbitsfoot: Chronic Ammonia Effect Determination

The chronic ammonia CCC at pH 7 and 20°C (1.9 mg/L) is 1.96 times larger than the rabbitsfoot
chronic minimum effect threshold concentration of 0.9711 mg/L, suggesting the rabbitsfoot may
experience chronic effects if continually exposed to ammonia at the chronic criterion magnitude
for an extended period of time (e.g., 28 days). Continuous long-term exposures to ammonia, such
as the laboratory-based exposures used to derive the criterion, are anticipated to be relatively rare
events considering aquatic life criteria are conservatively implemented in NPDES permit limits
(please see Section 3.1.2.4 pertaining to discussion of additional methods employed to ensure
protection of aquatic life in the application of the chronic ammonia criterion in NPDES
permitting and resultant influence of realistic in sitfu ammonia exposures). Approval of the
chronic ammonia water quality standard is not anticipated to result in ammonia concentrations
and exposure durations that will affect the rabbitsfoot mussel though chronic effects and is,
therefore, Not Likely to Adversely Affect (NLAA) the rabbitsfoot through direct chronic effects.

3.4.3 Rabbitsfoot Ammonia Indirect Effects Assessment

The rabbitsfoot filters phytoplankton and zooplankton from the water column as a primary food
source, both of which are relatively insensitive to acute and chronic ammonia exposures. For
example, USEPA (2013) states, plants (e.g., phytoplankton) were not used to derive the ammonia
criteria because “plants are substantially less sensitive than animals.” Moreover, the most
sensitive daphnid genus (i.e., Daphnia) represents the 50" and 87" centile of the acute and
chronic species sensitivity distributions (SSD), respectively (USEPA 2013). Because rabbitsfoot
food sources are insensitive to ammonia, EPA approval of rabbitsfoot acute and chronic
ammonia standards is Not Likely to Adversely Affect (NLAA) this species through indirect
effects.
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3.5 Atlantic Sturgeon, Gulf Subspecies (Acipenser oxyrinchus desotoi)
3.5.1 Atlantic Sturgeon, Gulf Subspecies Acute Ammonia Effects Assessment

3.5.1.1 Identifying Gulf Sturgeon Acute Ammonia Data

High-quality species-level acute toxicity data were not available for the gulf sturgeon, a
subspecies of the Atlantic sturgeon (see Appendix A of USEPA 2013). The Acipenser GMAV
(156.7 mg/L, normalized to pH 7) is based on a single definitive 96 hour LCso value for
fingerling shortnose sturgeon reported by Fontenot et al. (1998), and is representative of the gulf
sturgeon (Table 3-7).

Table 3-7. Data used to calculate the Acipenser GMAY representative of gulf sturgeon
(Atlantic sturgeon, gulf subspecies) in this section, and the Acipenseridae FMAV
representative of pallid sturgeon to ammonia (as in Section 3.6.1).

SMAV GMAV FMAV
Family Species (mg/L)* (mg/L)* (mg/L)*
Atlantic sturgeon, gulf subspecies

Acipenseridac Acipenser oxyrinchus desotoi N/A 156.7

Acipenseridae Shgrtnose sturgeon, 156.7 156.7
Acipenser brevirostrum

Acipenseridae Pallid sturgeon, N/A N/A

Scaphirhynchus albus
2 Normalized to a pH 7 (USEPA 2013).
N/A: not available.

3.5.1.2 Deriving LCsoto LCs Acute Adjustment Factor

Raw acute empirical toxicity data were not available for the gulf sturgeon at the species-, genus-,
family-, or order-level. Because no raw empirical acute toxicity data were available for fish
species in the same order (Acipenseriformes), an acute order-level TAF could not be calculated.
As aresult, EPA obtained and analyzed all C-R data for all tests used to derive the acute criterion
(USEPA 2013 Appendix A underlined values) where such data were reported or could be
obtained to derive an acute vertebrate TAF based on all acceptable vertebrate C-R model fits
(Table 3-8). A vertebrate TAF was used instead of an-acute MAF that uses all C-R model data,
because the vertebrate and invertebrate acute TAFs were determined to be statistically
significantly different from one another (Two-sample t-test, p<0.01). See section 2.1.1 for
additional information pertaining to development of an acute vertebrate-level TAF. The acute
vertebrate-level TAF for ammonia was 1.491 (see Appendix A for raw empirical acute toxicity
test data and LCs:LCs ratios for acceptable and qualitative C-R model fits).

3.5.1.3 Calculating Gulf Sturgeon Acute Ammonia Minimum Effect Threshold
Dividing the gulf sturgeon LCso (156.7 mg/L; genus-level surrogate) by the vertebrate acute TAF

(1.491) resulted in an acute minimum effect threshold concentration of 105.1 mg/L (normalized
to pH 7).

3.5.1.4 Gulf sturgeon: Acute Ammonia Effects Determination

The acute ammonia CMC at pH 7 and 20°C (17 mg/L) is 6.18 times lower than the gulf sturgeon
acute minimum effect threshold of 105.1 mg/L, suggesting the gulf sturgeon is tolerant to
ammonia at concentrations specified by the ammonia CMC under continuous exposure
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conditions. As a result, approval of the acute ammonia water quality standard is Not Likely to
Adversely Affect (NLAA) the gulf sturgeon through direct acute effects.
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Table 3-8. Acute LCs0:LCs ratios from analysis of 17 high-quality acute ammonia toxicity tests with freshwater aquatic

organisms used to derive an acute ammonia vertebrate TAF representative of the Atlantic sturgeon (gulf subspecies) in this
section, and pallid sturgeon (as in Section 3.6.1).
(Note: the acute vertebrate TAF is the geometric mean of all available vertebrate-level LCso:LCs ratios).

Species-level | Genus-level | Order-level | Vertebrate-
LCso LCos LCso: C-R Curve TAF TAF TAF level TAF
Order Family Species (mg/L) | (mg/L) | LCos Label Reference (LCs0:LCos) | (LCs0:LCos) | (LCs0:LCos) | (LCs0:LCos)
Cypriniformes | Cyprinidae | Contral Stoneroller .1g), 1y 4yt 0 9910 | 14580 | Am-Acute 55 | SVigertand 1.458 1.458
Campostoma anomalum Spacie 1983
Cypriniformes | Cyprinidae Ralnbow Dace, . 22.20 14.66 1.515 Am-Acute 56 Hazel et al.
Cyprinella lutrensis 1979 1 442 1442
.. .. Rainbow Dace, Hazel et al. ’ ’
Cypriniformes | Cyprinidae Cyprinella lutrensis 7.074 5.157 1.372 | Am-Acute 57 1979
Common carp (299 mg) risan and
Cypriniformes | Cyprinidae . P &) 1.893 1.376 1.376 | Am-Acute 60 | Maclntosh 1.376 1.376
Cyprinus carpio 1986
Rio Grande Silvery 1.498
Cypriniformes | Cyprinidae minnow (3-5 days old), 17.15 8.476 2.023 | Am-Acute 61 | Buhl 2002 2.023 2.023
Hybognathus amarus
.. .. Golden Shiner (8.7 g), Swigert and
Cypriniformes | Cyprinidae Notemigonus crysoleucas 0.594 0.2604 2.282 | Am-Acute 62 Spacic 1983 2.282 2.282
.. .. Fathead minnow (0.5 g), Swigert and
Cypriniformes | Cyprinidae Pimephales promelas 1.558 1.283 1.215 | Am-Acute 64 Spacic 1983 1.215 1.215
White sucker Reinbold and
Cypriniformes | Catostomidae | (92 mm, 6.3 g), 1.097 0.778 1.411 | Am-Acute 65 | Pescitelli 1.411 1.411 1.491
Catostomus commersonii 1982¢
Ch | catfish Reinbold and
Siluriformes | Ictaluridae anne’ cats, 1422 | 1104 | 1288 | Am-Acute67 | Pescitelli 1.288 1.288 1.288
Ictalurus punctatus 1982d
Perciformes Centrarchidae Bluegll.l, . 6.647 6.037 1.101 Am-Acute 71 Hazel et al.
Lepomis macrochirus 1979
Perciformes Centrarchidae Bluegll.l 09¢), . 1.301 1.073 1.213 | Am-Acute 73 Sng.e rtand
Lepomis macrochirus Spacie 1983 1.166 1166
Perciformes Centrarchidae Bluegll.l (0.9g), . 1.366 1.213 1.127 | Am-Acute 74 Sw1g§ rtand
Lepomis macrochirus Spacie 1983
Perciformes Centrarchidae Bluegll-I (1.2 g), . 1.377 1.120 1.230 | Am-Acute 75 SW1g.ert and 1232
Lepomis macrochirus Spacie 1983
Perciformes | Percidac Orangethroat darter, 3475 | 20131 | 1726 | Am-Acute76 | Hazeletal
Etheostoma spectabile 1979 1455 1 455
. . Orangethroat darter, Hazel et al. ' ’
Perciformes Percidae Etheostoma spectabile 7.109 5.796 1.226 | Am-Acute 77 1979
Perciformes Cichlidae Mozambique tilapia 118.2 107.2 1.103 | Am-Acute 78 | Rani et al. 1.103 1.103
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Species-level

Genus-level

Order-level

Vertebrate-

LCso LCos LCso: C-R Curve TAF TAF TAF level TAF
Order Family Species (mg/L) | (mg/L) | LCos Label Reference (LCs0:LCos) | (LCs0:LCos) | (LCs0:LCos) | (LCs0:LCos)
(juvenile), 1988
Oreochromis mossambicus
. Pacific tree frog (embryo), Schuytema and
Anura Hylidae Pseudacris regilla 64.43 29.45 2.188 | Am-Acute 80 Nebeker 1999a 2.188 2.188 2.188
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3.5.2 Gulf Sturgeon Chronic Ammonia Effects Assessment

3.5.2.1 Identifying Gulf Sturgeon Chronic Ammonia Data

High-quality chronic data were not available for the gulf sturgeon or other members of the order
Acipenseriformes. As a result, the Acipenser genus-level acute toxicity value was transformed to
represent a chronic toxicity value (i.e., EC20) of 17.46 mg/L (Table 3-9). This chronic value,
representative of gulf sturgeon, was calculated by dividing the Acipenser GMAV (156.7 mg/L)
by the reported ammonia acute:chronic ratio (ACR) for a species representing the same fish
minimum data requirement taxonomic categories (cold- and warm-water fish) used for criteria
derivation (MDR-ACR; USEPA 2013; see Stephan et al. 1985 for minimum data requirements).
The ray-finned fish (Class Actinopterygii) MDR-ACR (8.973) was based on 17 ACRs
encompassing 10 fish species (see Appendix F of USEPA 2013). The Acipenser GMCV
(calculated as GMCV = GMAV [156.7 mg/L)/MDR-ACR[8.973]) was 17.46 mg/L).

Table 3-9. Data used to calculate the Acipenseridae GMCYV representative of gulf sturgeon
(Atlantic sturgeon, gulf subspecies) in this section, and FMCYV representative of pallid
sturgeon chronic sensitivity to ammonia (as in Section 3.6.2).

SMAV | GMAV | FMAV | MDR- | GMCV FMCV

Family Species (mg/L)* | (mg/L)* | (mg/L)* | ACR" | (mg/L)* (mg/L)?

Atlantic sturgeon, Gulf
Acipenseridae | subspecies N/A

Acipenser oxyrinchus desotoi 156.7 17.46

156.7 8.973 17.46

Acipenseridae Shgrtnose sturgeon, 156.7

Acipenser brevirostrum

. . Pallid sturgeon,

Acipenseridae Scaphirhynchus albus N/A N/A N/A

2 Normalized to pH 7 (USEPA 2013).
b See Appendix F of USEPA (2013).
N/A: not available.

3.5.2.2 Deriving ECxto ECs Chronic Adjustment Factor

Because no raw empirical acute toxicity data are available for fish species in the same order
(Acipenseriformes), no chronic order-level TAF could be calculated. As a result, EPA obtained
and analyzed all C-R data for all tests used to derive the chronic criterion (USEPA 2013
Appendix B underlined values) where such data were reported or could be obtained to derive a
chronic MAF based on all acceptable C-R model fits (Table 3-10). A chronic MAF was used
because the vertebrate and invertebrate chronic TAFs were determined to not be statistically
significantly different from one another (Two-sample t-test, p=0.31). See section 2.2.1 for
additional information pertaining to derivation of the Chronic MAF. The chronic MAF for
ammonia was 1.863 (see Appendix B for raw empirical chronic toxicity data and EC20:ECs ratios
for acceptable and qualitative C-R model fits).

3.5.2.3 Calculating Gulf Sturgeon Chronic Ammonia Minimum Effect Threshold

Dividing the estimated gulf sturgeon ECyo value (17.46 mg/L; genus-level surrogate) by the
chronic MAF (1.863) results in a chronic minimum effect threshold concentration of 9.372 mg/L
(normalized to pH 7).
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3.5.2.4 Gulf Sturgeon: Chronic Ammonia Effects Determination

The chronic ammonia CCC at pH 7 and 20°C (1.9 mg/L) is 4.9 times lower than the gulf
sturgeon chronic minimum effect threshold concentration of 9.372 mg/L, suggesting the gulf
sturgeon is tolerant to ammonia concentrations specified by the CCC under continuous exposure
conditions. Approval of the chronic ammonia water quality standard is Not Likely to Adversely
Affect (NLAA) the gulf sturgeon through direct chronic effects.

3.5.3 Gulf Sturgeon Ammonia Indirect Effects Assessment

Young of the year gulf sturgeon live in freshwater, and feed primarily on aquatic invertebrates
and detritus until about 10-12 months of age (68 FR 13371). Juveniles (less than 5 kg) residing in
freshwater eat a broad diet, including aquatic insects, worms, and mollusks (68 FR 13371).
Adults and subadult sturgeon residing in marine and estuarine waters also consume a broad diet
of benthic invertebrates, including amphipods, lancelets, polychaetes, gastropods, shrimp,
isopods, mollusks, and crustaceans (68 FR 13371). Adult and subadult gulf sturgeon residing in
freshwater environments do little to no feeding (68 FR 13371).

Of the prey species listed above, the majority, with the exception of mollusks, are tolerant to
ammonia exposure. Aquatic insects rank among the most tolerant taxa to acute and chronic
ammonia exposures (see Tables 3 and 4 of USEPA 2013). Similarly, isopods and worms are
acutely tolerant to ammonia. Among mollusks, gastropods are moderately acutely sensitive to
ammonia, and are less sensitive than the majority of unionid genera (Table 3 of USEPA 2013).
Regarding chronic sensitivity, the most sensitive gastropod species, the pebblesnail, has a SMCV
of 7.828 mg/L, approximately four times larger than the CCC of 1.9 mg/L. As described
elsewhere in this document, many unionid mussel species are sensitive to ammonia. However,
the gulf sturgeon is an opportunistic generalist benthic feeder, and because the majority of gulf
sturgeon food sources are insensitive to ammonia, EPA approval of Louisiana acute and chronic
ammonia standards is Not Likely to Adversely Affect (NLAA) the gulf sturgeon through indirect
effects.
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Table 3-10. Chronic EC20:ECs ratios from analysis of 13 high-quality chronic ammonia toxicity tests with freshwater aquatic

organisms used to derive a chronic ammonia genus-level TAF representative of the Atlantic sturgeon (Gulf subspecies) in this
section, and pallid sturgeon (as in Section 3.6.2).
(Note: the chronic MAF is the geometric mean of all available genus-level ECo:ECs ratios).

Species-level

Genus-level

MAF

ECx ECos C-R Curve TAF TAF (EC20:ECos)

Species (mg/L) | (mg/L) | EC20:ECos Label Reference (EC20:ECos) (EC20:ECos) AP
Wavy-rayed lamp mussel
(2 mo old juvenile), 0.284 0.101 2.809 Am-Chronic 1 Wang et al. 2007a 2.809 2.809
Lampsilis fasciola
Long fingernail clam, 0.032 0.016 2.071 Am-Chronics | Sparks and Sandusky 2.071 2.071
Musculum transersum 1981
Water flea, 0.801 0.341 2.352 Am-Chronic 10 | Gersich et al. 1985 2.352 2.352
Daphnia magna
Stonefly, ) 3.786 3.289 1.151 Am-Chronic 13 | Thurston et al. 1984b 1.151 1.151
Pteronarcella badia
Northern pike (fertilized), 14.11 8.025 1.758 Am-Chronic 17 | Harrahy et al. 2004 1.758 1.758
Esox Lucius
Common carp (fertilized), 0.273 0.143 1.906 Am-Chronic 18 | Mallet and Sims 1994 1.906 1.906
Cyprinus carpio
Fathead minnow, 0.182 0.057 3.176 Am-Chronic 21 | Swigert and Spacie 1983 3.176 3.176 1.863
Pimephales promelas
White sucker . o
(3 d old embryo), 1.313 0.882 1.488 Am-Chronic 23 111;3201(1 and Pescitelli 1.488 1.488
Catostomus commersonii
Channel catfish, 0.357 0.241 1.480 Am-Chronic 24 | Swigert and Spacie 1983 1.480 1.480
Ictalurus punctatus
Bluegill, . .

. . 1.791 1.446 1.238 Am-Chronic 27 Smith et al. 1984 1.238 1.238
Lepomis macrochirus
Smallmouth bass, 8.275 3.110 2.661 Am-Chronic 28 | Broderius et al. 1985
Micropterus dolomieu
Smallmouth bass, 9.027 5.111 1.766 Am-Chronic 30 | Broderius et al. 1985 2.058 2.058
Micropterus dolomieu
Smallmouth bass, 1.482 0.799 1.855 Am-Chronic 31 | Broderius et al. 1985

Micropterus dolomieu
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3.6 Pallid sturgeon (Scaphirhynchus albus)

3.6.1 Pallid sturgeon Acute Ammonia Effects Assessment: Freshwater

3.6.1.1 Identifying Pallid Sturgeon Acute Ammonia Data

High-quality acute toxicity data were not available for the pallid sturgeon or other members of
the genus Scaphirhynchus (see Appendix A of USEPA 2013). Family-level acute toxicity data
were used to derive the Acipenseridaec FMAYV, representative of pallid sturgeon sensitivity to
acute ammonia exposures. The Acipenseridae FMAV (156.7 mg/L, normalized to pH 7) was
based on a single definitive 96 hour LCso value for fingerling shortnose sturgeon reported by

Fontenot et al. (1998), and is representative of the pallid sturgeon (refer to Section 3.5.1.1 and
Table 3-7).

3.6.1.2 Deriving LCsoto LCs Acute Adjustment Factor

Raw acute empirical toxicity data were not available for the pallid sturgeon or other members of
the order Acipenseriformes. Because no raw empirical acute toxicity data are available for fish
species in the same order (Acipenseriformes), acute order-level TAF could not be calculated. As
a result, EPA obtained and analyzed all C-R data for all tests used to derive the acute criterion
(USEPA 2013 Appendix A underlined values) where such data were reported or could be
obtained to derive an acute vertebrate TAF based on all acceptable vertebrate C-R model fits
(refer to Section 3.5.1.2 and Table 3-8). The acute vertebrate-level TAF for ammonia was 1.491.

3.6.1.3 Calculating Pallid Sturgeon Acute Ammonia Minimum Effect Threshold

Dividing the pallid sturgeon LCso (156.7 mg/L; family-level surrogate) by the vertebrate acute
TAF (1.491) resulted in an acute minimum effect threshold concentration of 105.1 mg/L
(normalized to pH 7).

3.6.1.4 Pallid Sturgeon: Acute Ammonia Effects Determination

The acute ammonia CMC at pH 7 and 20°C (17 mg/L) is 6.18 times lower than the pallid
sturgeon acute minimum effect threshold of 105.1 mg/L, suggesting pallid sturgeon is tolerant to
acute ammonia concentrations consistent with the CMC under continuous exposure conditions.
Approval of the acute ammonia water quality standard is Not Likely to Adversely Affect
(NLAA) the gulf sturgeon through direct acute effects.

3.6.2 Pallid Sturgeon Chronic Ammonia Effects Assessment: Freshwater

3.6.2.1 Identifying Pallid Sturgeon Chronic Ammonia Data
High-quality chronic toxicity data were not available for the pallid sturgeon or other members of
the order Acipenseriformes. As a result, the Acipenseridae family-level acute toxicity value was

transformed to represent a chronic toxicity value (i.e., EC20) of 17.46 mg/L (refer to Section
3.5.2.1 and Table 3-9).

3.6.2.2 Deriving ECxto ECs Chronic Adjustment Factor

Because no raw empirical chronic toxicity data were available for fish species in the same order
(Acipenseriformes), a chronic order-level TAF could not be calculated. As a result, EPA
obtained and analyzed all C-R data for all tests used to derive the chronic criterion (USEPA 2013
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Appendix B underlined values) where such data were reported or could be obtained to derive a
chronic MAF based on all quantitatively-acceptable C-R model fits (refer to Section 3.5.2.2 and
Table 3-10). The chronic MAF for ammonia was 1.863.

3.6.2.3 Calculating Pallid Sturgeon Chronic Ammonia Minimum Effect Threshold

Dividing the estimated pallid sturgeon EC»o value (17.46 mg/L; family-level surrogate) by the
chronic MAF (1.863) resulted in a chronic minimum effect threshold concentration of 9.372
mg/L (normalized to pH 7).

3.6.2.4 Pallid Sturgeon: Chronic Ammonia Effects Determination

The chronic ammonia CCC at pH 7 and 20°C (1.9 mg/L) is 4.9 times lower than the pallid
sturgeon chronic minimum effect threshold concentration of 9.372 mg/L, suggesting the pallid
sturgeon is tolerant to ammonia concentrations specified by the CCC under continuous exposure
conditions. Approval of the chronic ammonia water quality standard is Not Likely to Adversely
Affect (NLAA) the pallid sturgeon through direct chronic effects.

3.6.3 Pallid Sturgeon Ammonia Indirect Effects Assessment: Freshwater

Pallid sturgeon diet varies by life stage. Limited information suggests pallid sturgeon consume
zooplankton and small invertebrates, such as mayflies and chironomids, during their first year of
life (USFWS 2014a). Juvenile and adult pallid sturgeon consume aquatic insect larvae and fish,
with the proportion of fish in their diets increasing with age (USFWS 2014a). Aquatic insects
rank among the most tolerant taxa to acute and chronic ammonia exposures (see Tables 3 and 4
of USEPA 2013). Fish are more sensitive to ammonia than insects overall but are generally
insensitive to ammonia relative to the acute and chronic criteria magnitudes. For example, the
most acutely sensitive fish genus (Hybognathus) is the 17" most sensitive genus, with a GMAV
more than four times larger than the CMC. The most chronically sensitive fish genus to ammonia
(Lepomis) is the 3™ most sensitive genus, with a GMCV more than 3.5 times larger than the
CCC. The second most chronically sensitive fish genus (Pimephales) has a GMCYV nearly five
times larger than the CCC. Because pallid sturgeon food sources are tolerant to ammonia, EPA
approval of Louisiana freshwater acute and chronic ammonia standards is Not Likely to
Adversely Affect (NLAA) the pallid sturgeon through indirect effects.

3.7 West Indian Manatee (7richechus manatus)
3.7.1 West Indian Manatee Ammonia Direct Effects Assessment

Ammonia toxicity data for large aquatic-mammal species such as the West Indian manatee were
not included in the ammonia Aquatic Life Criteria document (USEPA 2013). Because of the
toxic mode of action of ammonia, aquatic-mammal species, which have a thick dermal layer and
breath air, are not expected to be sensitive to ammonia. In aquatic vertebrates, uptake and
excretion of aqueous ammonia occurs as water filters across the gills (Ip et al. 2001). In an
aquatic-mammal species, aqueous ammonia exposure through dermal absorption is insignificant.
Ammonia exposure is limited to dietary uptake, where the level of exposure is many orders of
magnitude lower than for aquatic organisms. It is expected that any excess ammonia ingested
through dietary uptake would be excreted as urea through natural biological processes. Because
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the level of exposure potential through sensitive mechanisms is low, and largely non-existent, for
aquatic-mammal species, EPA approval of Louisiana freshwater acute and chronic ammonia
standards is Not Likely to Adversely Affect (NLAA) the West Indian manatee through direct
effects.

3.7.2 West Indian Manatee Ammonia Indirect Effects Assessment

The West Indian manatee is an opportunistic herbivore with a diet consisting mainly of
seagrasses, but they will also feed on a wide variety of submerged, floating, and emergent
vegetation (USFWS 2001). USEPA (2013) states that plants (e.g., phytoplankton) were not used
to derive the ammonia criteria because available data suggests that plants are approximately two
orders of magnitude less sensitive to ammonia toxicity than animals. Because West Indian
manatee food sources are tolerant to ammonia, EPA approval of Louisiana freshwater acute and
chronic ammonia standards is Not Likely to Adversely Affect (NLAA) the West Indian manatee
through indirect effects.

3.8 Ringed Map Turtle (Graptemys oculifera)
3.8.1 Ringed Map Turtle Ammonia Direct Effects Assessment

Ammonia toxicity data for aquatic-dependent species such as the ringed map turtle were not
included in the ammonia Aquatic Life Criteria document (USEPA 2013). Because of the toxic
mode of action of ammonia, aquatic-dependent species are not expected to be sensitive to
ammonia. In aquatic vertebrates, uptake and excretion of aqueous ammonia occurs as water
filters across the gills (Ip et al. 2001). In an aquatic-dependent species, aqueous ammonia
exposure is mainly limited to dietary uptake, where the level of exposure is many orders of
magnitude lower than for aquatic organisms. It is expected that any excess ammonia ingested
through dietary uptake would be excreted as urea through natural biological processes. Because
the expected level of exposure potential through sensitive mechanisms is low for aquatic-
dependent species, EPA approval of Louisiana freshwater acute and chronic ammonia standards
is Not Likely to Adversely Affect (NLAA) the ringed map turtle through direct effects.

3.8.2 Ringed Map Turtle Ammonia Indirect Effects Assessment

The diet of ringed map turtles consists of a wide range of aquatic insects, including caddisflies,
beetles, mayflies, and midges (Jones and Selman 2009). In addition, adults have been reported to
scavenge dead fish (Jones and Selman 2009). Aquatic insects rank among the most tolerant taxa
to acute and chronic ammonia exposures (see Tables 3 and 4 of USEPA 2013). Fish are more
sensitive to ammonia than insects overall but are generally tolerant to ammonia. For example, the
most acutely sensitive fish genus (Hybognathus) is the 17" most sensitive genus, with a GMAV
more than four times larger than the CMC. The most chronically sensitive genus to ammonia
(Lepomis) is the 3" most sensitive genus, with a GMCV more than 3.5 times larger than the
CCC. The second most chronically sensitive fish genus (Pimephales) has a GMCYV nearly five
times larger than the CCC. Because ringed map turtle food sources are relatively tolerant to
ammonia, EPA approval of Louisiana freshwater acute and chronic ammonia standards is Not
Likely to Adversely Affect (NLAA) the ringed map turtle through indirect effects.
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3.9 Northern Long-Eared Bat (Myotis septentrionalis) Ammonia Indirect Effects
Assessment
The northern long-eared bat will not be meaningfully exposed to ammonia through direct
exposure. As a result, EPA’s approval action will have no direct effect on this species. Regarding
indirect effects, the northern long-eared bat is an insectivore that consumes emergent aquatic
insects, but which feeds primarily on terrestrial insects (USFWS 2015a). Terrestrial insects will
not be affected by aqueous ammonia concentrations. Aquatic insects are among the most tolerant
taxa to acute ammonia exposures (Table 3-11). Chronic aquatic insect chronic toxicity data were
limited to one GMCYV for the stonefly Pteronarcella, which was the most tolerant genus to
chronic ammonia exposures (73.74 mg/L, normalized to pH 7 and 20°C). Because (1) criteria are
derived to protect the broad aquatic community (including emergent insects), (2) aquatic insects
are tolerant to ammonia exposure, and (3) the northern long-eared bat feeds on both aquatic and
terrestrial insects, EPA approval of Louisiana acute and chronic freshwater ammonia standards is
Not Likely to Adversely Affect (NLAA) the northern long-eared bat through indirect effects.

Table 3-11. Acute insect toxicity data used to derive the acute ammonia criterion. Note, 69
GMAYVs were available to derive the acute criterion, with insects ranking among the least
sensitive taxa.

Genus Genus Mean Acute Value (mg/L)* Genus Rank in SSD
Erythromma (insect) 2,515 69
Philarctus (caddisfly) 994.5 68
Stenelmis (beetle) 735.9 67
Chironomus (midge) 681.8 65
Drunella (mayfly) 442 .4 64
Callibaetis (mayfly) 246.5 60
Pachydiplax (dragonfly) 233.0 59
Shkwala (stonefly) 192.4 52
Enallagma (damselfly) 164.0 47

2 Normalized to pH 7 and 20°C (USEPA 2013).

3.10 Least Tern (Sterna antillarum) Ammonia Indirect Effects Assessment

The least tern will not be meaningfully exposed to ammonia through direct or dietary exposure.
As aresult, EPA’s approval action will have no direct effect on least tern. Least terns feed
primarily on small fish, opportunistically feeding on a wide range of species, but will also
consume crustaceans, insects, mollusks, and annelids (USFWS 2013). Feeding tends to occur
close to nesting sites. The majority of taxonomic groups that comprise the least tern diet should
not be negatively impacted by the adoption of the freshwater ammonia criteria. Insect and
crustacean taxa are acutely and chronically tolerant to ammonia (See Tables 3 and 4 in USEPA
2013). As described for other species, fish are more sensitive to ammonia than insects overall,
but are generally insensitive to ammonia. For example, the most acutely sensitive fish genus
(Hybognathus) is the 17™ most sensitive genus, with a GMAV more than four times larger than
the CMC. The most chronically sensitive genus to ammonia (Lepomis) is the 3™ most sensitive
genus, with a GMCYV more than 3.5 times larger than the CCC. The second most chronically
sensitive fish genus (Pimephales) has a GMCV nearly five times larger than the CCC. No acute
or chronic toxicity data were available for annelid taxa; however, this phylum has not been
identified as being particularly sensitive to ammonia and is often among the last taxa extirpated

40





from heavily polluted waters. Among mollusks, gastropods are moderately acutely sensitive to
ammonia, and are less sensitive than the majority of unionid genera (Table 3 of USEPA 2013).
Regarding chronic sensitivity, the most sensitive gastropod species, the pebblesnail, has an
SMCYV of 7.828 mg/L, approximately four times larger than the CCC of 1.9 mg/L. As described
elsewhere in this document, many unionid mussel species are sensitive to ammonia. Because the
least tern is primarily a piscivore, and because the majority of least tern food sources are
insensitive to ammonia, EPA approval of Louisiana acute and chronic ammonia standards is Not
Likely to Adversely Affect (NLAA) the least tern through indirect effects.

3.11 Red Knot (Calidris canutus rufa) Ammonia Indirect Effects Assessment

The red knot will not be meaningfully exposed to ammonia through direct or dietary exposure.
As aresult, EPA’s approval action will have no direct effect on the red knot.

The red knot is a shorebird that primarily inhabits coastal beaches and eats invertebrate prey. The
rufa red knot is a long-distance migratory shorebird that completes spring and fall migrations
between South America and the Canadian Arctic each year. In North America, red knots
typically frequent coastal areas with large expanses of exposed sediments. Red knots are
generally restricted to the ocean coasts during winter and occur primarily along the coasts during
migration. A small number of rufa red knots, however, are reported annually across the interior
U.S. during spring and fall migrations. A significant proportion of Gulf coast-wintering knots
pass over the “Central Flyway” twice annually during migration, and sightings are reported in
the midcontinent and further east through the Mississippi Valley (USFWS 2014b). However,
information is lacking on the specific non-coastal stopover habitats used by red knots (USFWS
2014b).

During the winter and parts of their migration, red knots are primarily molluscivores, but
target easily digestible invertebrates, such as crustaceans, insects, worms and plant material
during much of their migration to reduce the physiological demands of processing hard-
shelled organisms. While red knot feeding preferences in the Great Lakes and the interior of
North America are understudied, the available information supports the idea that, during
migration across the continental U.S., red knots feed on diverse aquatic and terrestrial
invertebrates (USFWS 2014Db).

The majority of taxonomic groups that comprise the red knot diet during migrations should
not be negatively impacted by the adoption of the freshwater ammonia criteria. Insect and
crustacean taxa are acutely and chronically tolerant to ammonia (See Tables 3 and 4 in
USEPA 2013). No acute or chronic toxicity data were available for annelid taxa; however,
this phylum has not been identified as being particularly sensitive to ammonia and is often
among the last taxa extirpated from heavily polluted waters. Available data suggests plants
are approximately two orders of magnitude less sensitive to ammonia toxicity than animals.
Among mollusks, gastropods are moderately acutely sensitive to ammonia, and are less
sensitive than the majority of unionid genera (Table 3 of USEPA 2013). Regarding chronic
sensitivity, the most sensitive gastropod species, the pebblesnail, has an SMCV of 7.828
mg/L, approximately four times larger than the CCC of 1.9 mg/L. As described elsewhere in
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this document, many unionid mussel species are sensitive to ammonia. However, given the
red knot’s apparent preference for more digestible forms of prey during cross-continental
migrations, molluscan sensitivities are perhaps less important to consider among food
sources for the red knot in inland Louisiana.

In addition to the lack of sensitivity among possible red knot prey sources in inland
Louisiana to freshwater ammonia criteria concentrations, range information in USFWS’s
Environmental Conservation Online System (ECOS) indicates very limited numbers of red
knots would be expected to frequent inland freshwater areas of Louisiana at a given time.
Therefore, EPA approval of Louisiana acute and chronic ammonia standards is Not Likely to
Adversely Affect (NLAA) the red knot through indirect effects.

3.12 Piping Plover (Charadrius melodus) Ammonia Indirect Effects Assessment

The piping plover will not be meaningfully exposed to ammonia through direct or dietary
exposure. As a result, EPA’s approval action will have no direct effect on the piping plover.

In the continental U.S., the piping plover over winters along the Gulf and Atlantic coasts from
North Carolina to Texas. The majority of over-wintering piping plover reside along the Gulf
coast, including the coast of Louisiana. Piping plovers migrate to breeding grounds in summer
months to three geographic regions including the Northern Great Plains from Alberta to
Manitoba and south to Nebraska, Great Lakes beaches, and Atlantic coastal beaches from
Canada to North Carolina. As described in USFWS (2015b), piping plovers are shorebirds that
“use rest sites along the migration pathway including shorelines of reservoirs/man-made lakes,
industrial ponds/fish farm ponds,...marsh/wetlands”, and alkaline and other natural lakes, and
river shorelines. USFWS (2015b) further notes: “[t]hese stopover sites are highly influenced by
local water levels, and tend to consist of locations with muddy/sandy substrates.” Primary prey
for piping plovers includes worms, various crustaceans, insects, and occasionally bivalve
mollusks. As also noted by USFWS (2015b): “[p]iping plovers do not concentrate in large
numbers at inland stopover sites; instead, they stay for just a few days and then move on.”

The majority of taxonomic groups that comprise the piping plover diet during migrations should
not be negatively impacted by the adoption of the freshwater ammonia criteria. Insect and
crustacean taxa are acutely and chronically tolerant to ammonia (See Tables 3 and 4 in USEPA
2013). No acute or chronic toxicity data were available for annelid taxa; however, this phylum
has not been identified as being particularly sensitive to ammonia and is often among the last
taxa extirpated from heavily polluted waters. Among mollusks, gastropods are moderately
acutely sensitive to ammonia, and are less sensitive than the majority of unionid genera (Table 3
of USEPA 2013). Regarding chronic sensitivity, the most sensitive gastropod species, the
pebblesnail, has an SMCV of 7.828 mg/L, approximately four times larger than the CCC of 1.9
mg/L.

Studies have also shown that piping plovers vary their diets to include both aquatic and terrestrial
prey items (Cuthbert et al., 1999). Due to this variation in prey preferences, piping plovers are
not closely tied to one or more sensitive, strictly aquatic, prey taxa and are instead likely able to
exploit local differences in prey. Given this and the limited stopover time at these sites, and the
lack of sensitivity among possible piping plover prey sources in inland Louisiana to freshwater
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ammonia criteria concentrations, EPA approval of Louisiana acute and chronic ammonia
standards is Not Likely to Adversely Affect (NLAA) the piping plover through indirect effects.

3.13 Louisiana Quillwort (Isoetes louisianensis)
3.13.1 Louisiana Quillwort Ammonia Direct Effects Assessment

The Louisiana quillwort is a small, semi-aquatic seedless plant related to ferns that is found
within southeastern Louisiana and southern Mississippi (USFWS 1996). USEPA (2013) states
that plants, such as the Louisiana quillwort, were not used to derive the ammonia criteria because
available data suggests plants are approximately two orders of magnitude less sensitive to
ammonia toxicity than animals. Because of the insensitivity of plants to ammonia, EPA approval
of Louisiana freshwater acute and chronic ammonia standards is Not Likely to Adversely Affect
(NLAA) the Louisiana quillwort through direct effects.

3.13.2 Louisiana Quillwort Ammonia Indirect Effects Assessment

As noted in Section 1.3 (Indirect Effects: Assessment of Acute and Chronic Criteria), EPA did
not include a full evaluation of indirect effects of the water quality standard approval action on
listed aquatic/semi-aquatic species, because indirect effects of ammonia (at acute and chronic
criteria magnitudes) are Not Likely to Adversely Affect (NLAA) plants given their life histories
and biology (i.e., assimilate nutrients from sediments and energy through photosynthesis).

4.0 Final Effects Determinations

The majority of listed animal and plants occurring in Louisiana freshwaters are insensitive to
acute and chronic freshwater ammonia exposures at the respective criteria magnitudes under
conservative exposure conditions. Listed freshwater mussel species within the family Unionidae
were generally sensitive to ammonia; however, given the methods employed to ensure protection
of aquatic life during the derivation of NPDES permit limits, the probability of mussels being
continually exposed to ammonia at criteria concentrations for extended durations is exceedingly
low (i.e. 1% [or 5%] chance effluent is discharging at criteria magnitudes while also assuming
receiving streams are continually at the 3Q10 [3Q5; chronic criterion] or 1Q10 [acute criterion]
critical low flow conditions). Aquatic-dependent wildlife were either be tolerant to ammonia
criteria magnitudes (because they do not possess gills) or will not be exposed to ammonia in the
water column (because they do not submerge themselves in the water column). Furthermore, no
aquatic or aquatic-dependent listed species will be indirectly affected by ammonia at the acute
and chronic criteria magnitudes because their prey items are relatively tolerant to ammonia
and/or they also prey on a broader variety of food resources that will not be affected or exposed
to ammonia in the water column. Approval of the freshwater ammonia criteria as Louisiana state
water quality standards is Not Likely to Adversely Affect (NLAA) aquatic and aquatic-
dependent listed species in Louisiana through direct and/or indirect biological effects (Table 3-

1.
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Table 3-1. Final effect determinations for aquatic and aquatic-dependent listed species
occurring in Louisiana that may be affected by the approval action. Final effect
determinations for listed species were based on direct and/or indirect effects, depending on

exposure potential.

Species Final Effects Determination?
Louisiana pearlshell, NLAA
(Margaritifera hembeli) (direct and indirect effects)
Inflated Heelsplitter, NLAA
(Potamilus inflatus) (direct and indirect effects)
Fat Pocketbook, NLAA
(Potamilus capax) (direct and indirect effects)
Pink Mucket Pearlymussel, NLAA
(Lampsilis abrupta) (direct and indirect effects)
Rabbitsfoot, NLAA
(Thelidema cylindrica cylindrica) (direct and indirect effects)
Atlantic Sturgeon, Gulf Subspecies, NLAA
(Acipenser oxyrinchus desotoi) (direct and indirect effects)
Pallid sturgeon, NLAA
(Scaphirhynchus albus) (direct and indirect effects)
West Indian Manatee, NLAA
(Trichechus manatus) (direct and indirect effects)
Ringed Map Turtle, NLAA
(Graptemys oculifera) (direct and indirect effects)
Northern long-eared bat, NLAA

(Myotis septentrionalis) (indirect effects)
Least Tern, NLAA

(Sterna antillarum) (indirect effects)

Red Knot, NLAA

(Calidris canutus rufa) (indirect effects)
Piping Plover, NLAA/NLAM?®
(Charadrius melodus) (indirect effects)
Louisiana Quillwort, NLAA

(Isoetes louisianensis) (direct and indirect effects)

*NLAA: Not Likely to Adversely Affect; LLA: Likely to Adversely Affect

b See critical habitat discussion in section 5.2 below

5.0 Critical Habitat: Effects Assessment and Final Critical Habitat Effects
Determinations (Freshwater Ammonia: Acute and Chronic Criteria)

5.1 Atlantic Sturgeon, Gulf Subspecies (Acipenser oxyrinchus desotoi) Critical Habitat

The gulf sturgeon (Acipenser oxyrinchus desotoi), a subspecies of the Atlantic sturgeon, was
listed as a threatened species under Federal ESA in 1991 (56 FR 49653). The primary constituent
elements (PCEs) for the gulf sturgeon, those physical and biological features that provide for the
species’ life history processes and are essential to its conservation, are described as follows.
Larval and juvenile life stages require riverine habitats with abundant food items, and subadult
and adult life stages require marine and estuarine habitats with abundant food items. Riverine
substrates such as limestone outcrops, cut limestone banks, bedrock, large gravel or cobble beds,
marl, soapstone, and hard clay are essential to provide suitable sites for spawning, egg
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deposition, and early life history development. Deep holes below normal riverbed depth are
essential to serve as resting, holding, and aggregation areas, allowing gulf sturgeon of juvenile
through adult life stages to conserve energy while in fresh waters. Riverine habitats should have
a flow regime that allows for normal growth, survival, and behavior (including reproductive
behaviors), which also allows for egg attachment, egg sheltering, and larval survival. Riverine,
estuarine, and marine habitats should have water and sediment quality appropriate for normal
growth, survival, and behavior of all life stages. Finally, safe and unobstructed migration
pathways are required to allow gulf sturgeon to travel between riverine, estuarine, and marine
habitats (68 FR 13389).

Critical habitat for the gulf sturgeon are those habitats that provide one or more of the PCEs
described above. Riverine critical habitat within Louisiana is located within the Pearl River
system (Unit 1), which begins in Mississippi and extends downriver into Louisiana. The upper
boundary of the Pearl River system critical habitat is the spillway of the Ross Barnett Dam, in
Hinds and Rankin County, MS, and it flows downriver into multiple river network discharges
joining Lake Borgne, Little Lake, or the Rigolets in Hancock County, MS and St. Tammany
Parish, LA. Between 1992 and 1996, the majority of gulf sturgeon sightings in the Pearl River
system were made downstream of the Pools Bluff Sill on the Pearl River, near Bogalusa, in
Washington Parish, LA, and downstream of the Bogue Chitto Sill on the Bogue Chito River in
St. Tammany Parish, LA (68 FR 13390). The estuarine and marine critical habitat within
Louisiana includes Lake Pontchartrain east of the Lake Pontchartrain causeway, Little Lake, the
Rigolets, Lake St. Catherine, Lake Borgne, and the Mississippi Sound. Within unit 8, the critical
habitat includes the shorelines around the perimeters of each of the lakes (68 FR 13394).

Neither the gulf sturgeon nor its prey are likely to be adversely affected by aqueous ammonia,
ensuring the acute and chronic ammonia criteria will provide adequate water quality, protecting
both the species and its critical habitat. Furthermore, ammonia at acute and chronic criteria
magnitudes and durations will not affect other PBFs of the sturgeon critical habitat. As a result,
approval of the acute and chronic ammonia water quality criteria as Louisiana state standards is
Not Likely to Adversely Modify gulf sturgeon critical habitats and is expected to aid in the
conservation role of critical habitat.

5.2 Piping Plover (Charadrius melodus) Critical Habitat

The piping plover was proposed as a threatened species in 1984 (49 FR 44712) and was listed in
1985. The Great Lakes breeding population is listed as Endangered and the Atlantic coast and
Northern Great Plains population is listed as Threatened (49 FR 44712). In the continental U.S.,
the piping plover over winters along the Gulf and Atlantic coasts from North Carolina to Texas.
The majority of over wintering piping plover reside along the Gulf coast, including the coast of
Louisiana. All over wintering populations are listed as Threatened, and the final critical habitat
determination for overwintering piping plover was made in August 2001 (66 FR 36038).

The primary constituent elements (PCE) for overwintering piping plover are intertidal beaches
and flats associated with dune systems and flats that are above high tide along coastal regions (66
FR 36038). Over wintering habitats include beaches, mud flats, and coastal inlets. Neither the
piping plover nor its prey are likely to be adversely affected by aqueous ammonia, ensuring the
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acute and chronic ammonia criteria will provide adequate water quality, protecting both the
species and its critical habitat. Furthermore, ammonia at acute and chronic criteria magnitudes
and durations will not affect other PBFs of the piping plover critical habitat. As a result, approval
of the acute and chronic ammonia water quality criteria as Louisiana state standards is Not
Likely to Adversely Modify piping plover critical habitats and is expected to aid in the
conservation role of critical habitat.

6.0 Conclusion

EPA views the ammonia criteria revisions as beneficial to the conservation and protection of
aquatic life, including listed species, their food sources, and critical habitats in Louisiana.
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Appendix A. Empirical acute toxicity data, LC50s, LCS5, LC50:L.C5, and concentration-response model fit notes for acceptable
and qualitatively acceptable model fits.

C-R LC50:
Test End- Curve Accept- Curve LC5S
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LCS Ratio
0 1.000 Model:
0.8 1.000 Weibull type
1.7 0.950 1, 2 para;
3.5 0.910 iy One
mg/L 73 0.640 | Survival Margaritifera | Wang etal. | Am-Acute | Acceptable observation 7.854 2.804 2.801
falcata 2017 1 (D) .
with large
residual
16 relative to
0.000 others.
0 1.000 Model:
0.5 1.000 Weibull type
1 1.000 1, 2 para;
2 1.000 Residuals
4 0.963 indicate
8 0.330 possible bias
and one
. Actinonaias Wang et al. | Am-Acute | Acceptable overly
L Survival | o menting | 2007b 2 1) it el VS e L5359
observation.
These are
most likely
due to the
steep slope
of fitted
16 0.000 curve.
0 0.997 Model:
1 0.993 Weibull type
2 0.993 I 1,3 para;
mg/L AT 0927 Survival g;an‘;Z‘t‘ll’j‘; Sang ctal. | Am-Acute égceptable Model 9.649 3.965 2.433
8 0.690 performs
well on all
16 0.043 metrics.
mg/L 0 0.997 | Survival | Actinonaias Wang et al. | Am-Acute | Acceptable Model: 6.727 2.373 2.835
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C-R LC50:
Test End- Curve Accept- Curve LC5S
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LCS Ratio
0.5 1.000 ligamentina 2007b 4 (D) Weibull type
1 1.000 2, 4 para;
2 0.973 Model
4 0.703 performs
8 0310 well on all
16 0.017 metrics.
0 0.993 Model:
1 0.870 Brain-
5 0.997 Cousens, 4
4 0.990 para; Poor
goodness of
8 0.863 o fit p-value
Actinonaias Wang et al. | Am-Acute Qualitatively and one
mg/L Survival i . ’ Acceptable 9.643 7.798 1.237
igamentina 2007b 5 2) overly
influential
observation,
but
otherwise as
adequate
16 0.007 model.
0 0.960 Model:
1 0.910 Weibull type
2 0.890 . Actinonaias Wang et al. | Am-Acute | Acceptable 2, 3 para;
me/L 4 0.807 | Survival | erodon 2007b 6 (1) One overly 2L Sl Sl
8 0.843 influential
16 0.583 observation.
0.1 0.920 Model:
0.6 0.920 Weibull type
2 0.240 2, 3 para;
4.1 0.028 o Wide
mg/L 8 0.000 | gyryiyal | Amblema Wang etal. | Am-Acute gﬁi‘iﬁ?ﬁ?y confidence 1.580 1.036 1.524
plecata 2017 7 2) band on
fitted line
and overly
influential
15.3 0.000 observation.
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C-R LC50:
Test End- Curve Accept- Curve LC5S
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LC5 Ratio
0 0.950 Model:
1 0.950 Weibull type
mg/L 2 0.950 Survival Epioblasma. Wang et al. | Am-Acute | Acceptable 11\;[3 dlz?ra, 6.094 3342 1.824
4 0.850 capsaeformis 2007b 8 @8
generally
8 0.100 performs
16 0.000 well.
0 0.933 Model:
0.5 1.000 Weibull type
1 0.843 1, 3 para;
2 0.860 Poor
4 0.767 . goodness of
mg/L 8 0233 ] Survival fg;gs é‘/ﬁ;:”ﬂ‘l’ls e < al. ‘;m AN é‘;eeptable lf;lltl tp-value, 6.045 1768 3.420
otherwise
model
performs
16 0.007 well.
0 0.937 Model:
1 0.833 Weibull type
2 0.683 1, 3 para;
4 0.467 Poor
mg/L i OO G rvival | Epioblasma | Wangetal. | Am-Acute | Accepatble %‘fﬁ?ﬁfﬁif 3.716 0.239 15.581
capsaeformis 2007b 10 (D) but
otherwise
16 model
performs
0.147 well.
0.16 1.000 Model:
0.43 0.973 Weibull type
0.78 0.925 - 1, 2 para;
mg/L 1.66 0875 | Survival | Lampsilis Wang etal. | Am-Acute | Acceptable | 5 (0o | 9 484 0.860 2.889
abrupta 2007a 11 (1 ) .
3 47 0.175 influential
observation,
7.42 0.000 but
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C-R LC50:
Test End- Curve Accept- Curve LCS
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LC5 Ratio
otherwise
model
performs
well.
0 1.000
0 1.000
0 1.000
0 0.800
0.053 1.000 Model:
0.053 0.900 Weibull type
0.053 0.900 5 e
0.053 0.900 One
0.098 1.000 parameter
0.098 1.000 not
0.098 0.900 significant.
0.098 0.700 . Lampsilis Mummert Am-Acute | Unacceptable | Poor
mg/L 0.21 0000 Sumival | e etal. 2003 | 12 & spedmEmal | o Bl LS
0.21 0.800 fit p-value.
0.21 0.800 Wide
0.21 0.600 confidence
0.33 0.000 band on
0.33 0.000 fitted model.
0.33 0.000 Poor QQ
0.33 0.000 line.
0.55 0.000
0.55 0.000
0.55 0.000
0.55 0.000
0 0.950 Model:
1 0.900 Weibull type
2 1.000 e Qualitativel 1, 3 para;
mg/L 4 0500 | Survival | Lampsilis Wang etal. | Am-Acute | SO0l | oy 8.322 1.867 4.457
g 0750 fasciola 2007b 13 2) goodness of
fit p-value
16 0.050 and the
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C-R LC50:
Test End- Curve Accept- Curve LC5S
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LC5 Ratio
lower bound
on the EC5
estimate just
dips below
Zero.
0 0.970 Model:
0.5 0.977 Weibull type
1 0.987 1, 3 para;
2 0.973 Poor
4 0.857 e goodness of
mg/L 5 0653 Survival %’fﬁj’s Pt | Ll égceptable fit p-value, 9.270 3314 2.797
: but
otherwise
model
performs
16 0.053 well.
0 0.987 Model:
1 0.970 Weibull type
2 0.907 o 1, 3 para;
. Lampsilis Wang et al. | Am-Acute | Acceptable
mg/L 4 0.770 | Survival fasciola 2007b 15 1) Mo;iel 6.747 1.552 4.346
8 0.360 pertorms
well on all
16 0.047 metrics.
0 1.000 Model:
1 0.950 Weibull type
2 0.950 2, 3 para;
4 0.950 One
8 1.000 parameter is
e Qualitatively | insignificant.
mg/L Survival 1;5;7}:1]2 ’I’Lfeam it al. ‘?gn'AC“te Acceptable | Wide 9.441 8.631 1.094
: 4 2) confidence
band on
fitted model,
most likely
due to a
16 0.000 steep
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C-R LC50:
Test End- Curve Accept- Curve LC5S
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LC5 Ratio
response
curve. Poor
residuals.
0 0.950 Model:
1 1.000 Weibull type
2 1.000 2, 3 para;
4 1.000 . Lampsilis Wang et al. | Am-Acute | Acceptable QQ plotisa
mg/L ; Sesg Suwival | Ii squeand 2007% 7 o p it OI;fan 1 10.688 5.081 2.104
one overly
influential
16 0.300 observation.
0.0 0.990 Model:
0.5 0.993 Weibull type
1.0 0.993 2, 3 para;
2.0 0.977 One overly
4.0 0.987 . influential
mg/L 8.0 0.553 | Survival fa"]’g’,’fe ) ’;’Lfeam %%‘;% ctal. ‘?g“ Acute éiceptable gllf;tservation, 8.198 6.636 1.235
otherwise
model
performs
16.0 0.007 well.
0.1 0.950 Model:
0.8 0.900 Weibull type
1.8 0.900 1, 2 para;
3.7 1.000 Poor
. Lampsilis Miao et al. | Am-Acute | Acceptable oodness of
mg/L 7.1 0.650 | gyrvival Sihqioi " 5010 0 o p % ¢ pvalu 7773 1.238 6.277
and
observations
off the QQ
18.5 0.000 line.
0.16 0.950 Model:
0.43 1.000 . Lampsilis Wang et al. | Am-Acute | Acceptable Weibull type
mg/L 0.78 Tooo | Suvival | e 20075 20 1) b 1.2 parafyp 02 Lol IS
1.66 0.950 Poor
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C-R LC50:
Test End- Curve Accept- Curve LC5S
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LC5 Ratio
3.47 0.659 goodness of
fit p-value
and
observations
off the QQ
7.42 0.050 line.
0.0 0.930 Model:
1.1 0.930 Weibull type
2.0 0.900 2, 3 para;
38 0.920 . Lampsilis Wang et al. | Am-Acute | Acceptable QQplotisa
mg/L 7.7 0.730 Survival siliquoidea 2008 21 1) bit off and 9.869 6.345 1536
one overly
influential
19.0 0.070 observation.
0.0 1.000 Model:
1.0 1.000 Weibull type
1.9 1.000 2, 2 para;
38 0.830 . Lampsilis Wang et al. | Am-Acute | Acceptable QQplotisa
me/L 86 Ton ] PR e | 2008 22 (1) Ditctiend e S SRt
one overly
influential
19.0 0.000 observation.
0.0 1.000 Model:
1.1 0.900 Weibull type
1.9 0.930 1, 2 para;
39 0.370 . Lampsilis Wang et al. | Am-Acute | Acceptable QQplotisa
mg/L %5 00001 Suvival | Giquoidea 2008 23 (1) bit off and 3415 1171 2.916
one overly
influential
19.0 0.000 observation.
0.0 1.000 Model:
0.3 1.000 Weibull type
0.5 0.830 . Lampsilis Wang et al. | Am-Acute | Acceptable 1, 2 para;
me/L 1.0 paw ] U | e | 2000 24 (1) Soalima | 2 2458
1.9 0.000 bit off and
4.4 0.000 one overly
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Units

Test
Conc.

Resp.

End-
point

Species

Citation

C-R
Curve
Label

Accept-
ability

Curve
Notes

LC50

LC5

LC50:
LC5
Ratio

influential
observation.

mg/L

0.0

1.000

7.1

1.000

15.0

1.000

30.0

1.000

60.0

1.000

130.0

0.000

Survival

Lampsilis
siliquoidea

Wang et al.
2008

Am-Acute
25

Unacceptable

3

Model:
Weibull type
1, 2 para; No
good model
can be fit
due to the
lack of
varied
response
values. This
data set
suffers from
a lack of
observations
falling
between zero
and one.

113.416

101.819

1.114

mg/L

0.970

1.000

1.000

0.900

0.900

19

0.000

Survival

Lampsilis
siliquoidea

Wang et al.
2008
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Am-Acute
26

Qualitatively
Acceptable

(@)

Model:
Weibull type
1, 3 para;
Wide
confidence
band around
fitted model.
QQ plot is
off. Overly
influential
observation.
This data set
suffers from
a lack of
responses
falling
between zero

12.720

8.460
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Conc.

Resp.

End-
point

Species

Citation

C-R
Curve
Label

Accept-
ability

Curve
Notes

LC50

LC5

LC50:
LC5
Ratio

and one,
however a
model was
able to be fit.

mg/L

0.0

0.990

0.5

1.000

1.0

0.997

2.0

0.993

4.0

1.000

8.0

0.957

0.053

Survival

Lampsilis
siliqguoidea

Wang et al.
2007b

Am-Acute
27

Qualitatively
Acceptable

2

Model:
Weibull type
1, 3 para;
One overly
influential
observation.
This data set
also suffers
from lack of
responses
falling
between zero
and one.
Statistical
metrics are
good,
however any
inferences
made from
this set
should be
examined
closely given
this lack of
partial
effects.

12.695

8.359

1.519

mg/L

0.993

0.993

0.993

0.977

0.987

0.940

Survival

Lampsilis
siliqguoidea

Wang et al.
2007b

Am-Acute
28

Qualitatively
Acceptable

2

Model:
Weibull type
1, 3 para;
One overly
influential
observation.

15.490

7.981

1.941

60






Units

Test
Conc.

Resp.

End-
point

Species

Citation

C-R
Curve
Label

Accept-
ability

Curve
Notes

LC50

LC5

LC50:
LC5
Ratio

16

0.450

This data set
also suffers
from lack of
responses
falling
between zero
and one.
Statistical
metrics are
good,
however any
inferences
made from
this set
should be
examined
closely given
this lack of
partial
effects.

mg/L

0.0

0.993

1.0

0.997

2.0

0.997

4.0

0.993

8.0

0.987

16.0

0.327

Survival

Lampsilis
siliqguoidea

Wang et al.
2007b

Am-Acute
29

Qualitatively
Acceptable

(@)

Model:
Weibull type
1, 3 para;
One overly
influential
observation.
This data set
also suffers
from lack of
responses
falling
between zero
and one.
Statistical
metrics are
good,

14.958

10.333

1.448
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C-R LC50:
Test End- Curve Accept- Curve LCS
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LC5 Ratio
however any
inferences
made from
this set
should be
examined
closely given
this lack of
partial
effects.
0 1.000 Model:
1 0.973 Weibull type
2 0.963 1, 2 para;
4 0.880 Poor
8 0.447 e goodness of
mg/L Survival fl‘l‘l’;’ﬁ’lﬁ D o al. ?5“““““’ ﬁgceptable gltl pralue, 7.791 2.168 3.594
otherwise
model
performs
16 0.053 well.
0.0 1.000 Model:
0.5 1.000 Weibull type
1.0 0.997 1, 3 para;
2.0 1.000 One overly
4.0 1.000 8 influential
mg/L 8.0 0.763 | Survival f;’l.';’]; f}’lfli 3 %%‘;% ctal. ?lm'AC“te é‘;eeptable gllf;tservation, 10.530 5.473 1.924
otherwise
model
performs
16.0 0.030 well.
0.1 0.930 Model:
1.1 0.850 . Megalonaias Wang et al. | Am-Acute | Acceptable Weibull type
mg/L 2.1 0.680 Survival nervosa 2017 32 ) 1, 3 para; Rl Uy cadl
4.4 0.630 Model
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Units

Test
Conc.

Resp.

End-
point

Species

Citation

C-R
Curve
Label

Accept-
ability

Curve
Notes

LC50

LC5

LC50:
LC5
Ratio

8.8

0.200

19.0

0.000

performs
well on all
metrics.

mg/L

0.0

1.000

0.5

1.000

1.0

1.000

2.0

1.000

4.0

0.997

8.0

0.977

16.0

0.577

Survival

Potamilus
ohiensis

Wang et al.
2007b

Am-Acute
33

Qualitatively
Acceptable

@

Model:
Weibull type
1, 2 para;
One overly
influential
observation.
This data set
also suffers
from lack of
responses
falling
between zero
and one.
Statistical
metrics are
good,
however any
inferences
made from
this set
should be
examined
closely given
this lack of
partial
effects.

16.893

9.251

1.826

mg/L

0.950

9.6

0.650

29.8

0.400

99

0.000

311.1

0.050

1006.7

0.050

Survival

Pygandon
grandis

Scheller
1997

63

Am-Acute
34

Qualitatively
Acceptable

2

Model:
Weibull type
1, 3 para; EC
estimates all
have
negative
lower

14.015

0.041

341.973






C-R LC50:
Test End- Curve Accept- Curve LC5S
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LC5 Ratio
bounds.
0 1.000 Model:
10 0.650 Weibull type
29.2 0.500 1,2 para;
102.5 0.100 Qualitatively | Most EC
mg/L 294.7 0.000 | Survival Py, gan.don Scheller - Acceptable estimates 23.267 0.908 25.612
grandis 1997 35
2) have
negative
lower
1030 0.000 bounds.
0.52 1.000 Model: Log
0.52 1.000 Logistic type
0.52 1.000 1,2 para;
2.54 1.000 Poor
2.54 0.933 goodness of
2.54 1.000 fit p-value.
4.7 0.933 . Qualitatively | The author
mg/L 4.7 1.067 | Survival U’Z”b.‘;f.k’“ Wade 1992 ?gn'A"ute Acceptable | reports a 18.966 7.178 2.642
47 0.933 Hmoectins ) proportion
9.04 1.000 survived
9.04 0.933 value of 1.06
9.04 1.000 (106%) ...not
17.59 0.533 sure how
17.59 0.467 this value is
17.59 0.533 (it
0 0.900 Model:
0.9 0.580 Weibull type
1.8 0.600 1, 3 para;
36 0.000 . Qualitatively | Poor
mg/L 8 0.000 | Survival Qtterbg Cjkla Wang etal. | Am-Acute Acceptable goodness of 2.216 1.265 1.753
imbecillis 2017 37
2) fit p-value.
Overly
influential
16 0.000 observation.
mg/L 0 0.997 | Survival | Venustaconcha | Wang et al. | Am-Acute | Acceptable Model: 4.740 2.215 2.139
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C-R LC50:
Test End- Curve Accept- Curve LC5S
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LCS Ratio
0.5 0.993 ellipsiformis 2007b 38 @) Weibull type
1 0.997 2, 3 para;
2 0.977 Model
4 0.583 performs
8 0.250 well on all
16 0.060 metrics.
0 1.000 Model:
1 0.900 Weibull type
2 0.950 2, 3 para;
4 0.150 One overly
8 0.050 influential
mg/L Survival | Villosairis | Jorg €tal | Am-Acute | Accepable | pservation, | 3.056 2.090 1.462
007b 39 ) but
otherwise
model
performs
16 0.000 well.
0 1.000 Model:
1 0.950 Weibull type
2 1.050 1, 2 para;
4 0.900 Poor
8 0.650 goodness of
— Survival | Villosa iris | Soarg €tal | AmeAcute | Aocep@ble | Gy o | 11537 2.762 4.176
007b 40 @) but
otherwise
model
performs
16 0.300 well.
0 1.000 Model: Log
1.22 1.000 Logistic type
3.58 1.000 1, 2 para;
mg/L 9?2-; 8:323 Survival | Villosa iris ?;}9“7’““ 4A1m'AC“te é‘;‘:eptable Sl‘f‘li:ﬁgly 15.948 6.504 2.452
observation,
but
18.18 0.400 otherwise
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C-R LC50:
Test End- Curve Accept- Curve LC5S
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LCS Ratio
model
performs
well.
0 0.850 Model:
1 0.800 Weibull type
2 0.950 1, 3 para;
4.0 0.750 One overly
influential
L : 0200 Survival | Villosa iris Srang ctal. | Am-Acute | Accepable | bservation, | 6759 3.220 2.099
007b 42 ) but
otherwise
model
performs
16 0.000 well.
0 0.900
0 0.900
0 0.900
0 0.900
0.054 0.700
0.054 0.700 Model:
0.054 0.700 Weibull type
0.054 0.600 1,4 para;
0.11 0.800 Poor
0.11 0.600 goodness of
mg/L 0.11 0300 | Survival | Villosa iris gfg?“zn&% 4A3m'AC“te éiceptable fit p-value, 0.103 | 0.033 3.094
0.11 0.300 ’ but
0.19 0.100 otherwise
0.19 0.100 model
0.19 0.000 performs
0.19 0.000 well.
0.34 0.100
0.34 0.100
0.34 0.000
0.34 0.000
0.54 0.100
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C-R LC50:
Test End- Curve Accept- Curve LC5S
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LCS Ratio
0.54 0.000
0.54 0.000
0.54 0.000
0 0.950 Model:
0.63 1.000 Weibull type
mg/L ! 222 ?:ggg Survival | Villosa iris ?;}9“7’““ ﬁn'AC“te éiceptable i/lj i 7.730 2508 3.082
5 0.500 performs
10 0.500 well.
0 0.974 Model:
3.25 0.648 Weibull type
6.4 0.018 2, 3 para;
14 0.006 Poor
28 0.007 goodness of
fit p-value.
mg/L 2 0000 rvival | Vitlosa iris SQcller gGagcute | #nacceptable Ovlérly 3.592 2.540 1.415
1997 45 3) ) .
influential
observations.
Poor QQ
line. Data
lacks partial
95 0.000 effects.
0 0.997 Model:
0.5 1.000 Weibull type
1 0.990 1, 3 para;
2 0.990 Poor
4 0.930 goodness of
fit p-value.
mg/L ! 0L vl | villosa iris ;’V"mg I i G W OVI;rly 12.348 6.523 1.893
007b 46 3) ) .
influential
observations.
Poor QQ
line. Data
lacks partial
16 0.127 effects.
mg/L 0.03 1.000 | Survival | Ceriodaphnia | Anderson Am-Acute | Acceptable Model: 22.372 8.944 2.501
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C-R LC50:
Test End- Curve Accept- Curve LC5S
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LCS Ratio
931 0.920 dubia and 47 (1) Weibull type
16.91 0.770 Buckley 1, 2 para;
27.42 0.290 1998 Model
35.48 0.070 performs
well on all
43.55 0.010 metrics.
0 1.000
0 0.900
0 1.000 Model:
13.5 1.000 2, 3 para;
13.5 1.000 Poor
20.4 1.000 goodness of
20.4 0.900 fit p-value
mg/L 204 1000 | g yivgl | Ceriodaphnia | g, 1, 1994 | Am-Acute | Acceptable | andpossible | )¢ 0, | g 6g7 1365
28 0.300 dubia 48 (D) lack of
28 0.200 partial
28 0.300 effects, but
40 0.200 otherwise
40 0.100 model
40 0.000 performs
52 0.200 el
52 0.000
52 0.100
0 1.000
0 1.000
0 1.000 Model:
15.2 1.000 . . 2,2 para;
mg/L 15.2 1.000 | Survival g;;zd"ph""’ Sarda 1994 4A9m'AC“te éiceptable Model 26.563 19.439 1.366
25.3 0.600 performs
25.3 0.600 well on all
25.3 0.500 metrics.
29.6 0.500
29.6 0.400
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C-R LC50:
Test End- Curve Accept- Curve LC5S
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LC5 Ratio
29.6 0.200
39 0.200
39 0.100
39 0.000
50.2 0.100
50.2 0.000
50.2 0.000
0.04 0.900 Model:
0.04 0.900 Weibull type
2.035 0.600 1, 2 para;
2035 0.600 Most lower
; ; bounds on
3.16 0.500 Qualitatively | EC estimates
3.16 0.500 . Orconectes Evans Am-Acute .
mg/L 33 0.700 Survival nais 1979 50 Acceptable are negative 3.249 0.011 296.108
2) and
3.3 0.500 somewhat
4.1 0.300 wide
confidence
band on
4.1 0.400 fitted model.
0.11 0.800
0.11 0.800
18.4 0.800 Model:
18.4 0.800 . Weibull type
. Qualitatively )
mg/L 22 0.800 | gryiyal | Stenelmis Hazel etal. | Am-Acute | A cconable | 223 Pard; 20480 | 24273 1215
22 0.800 sexlineata 1979 51 2) Possible lack
25.5 0.700 of partial
25.5 0.700 effects.
32 0.300
32 0.200
0.4 1.000 Model:
0.4 1.000 Wicks and Weibull type
mg/L 189 QD] Sl Z”l‘;osz MRS | ookl g“'AC“te g;acceptable L7 g 183274 | 137576 | 1332
189 0400 4 2002 Possible lack
250 0.000 of partial
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C-R LC50:
Test End- Curve Accept- Curve LCS
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LC5 Ratio
250 0.000 effects. One
272 0.000 model
parameter is
not
significant.
ECS5 lower
bound is
negative.
Wide
confidence
band on
272 0.000 fitted model.
0 1.000 Model:
0.45 1.000 Weibull type
0.56 1,000 1,2 para;
0.83 0.920 Swigert gllflle :r\lzgzlly
A4 u
mg/L 1.36 0770 | Survival | Camposioma | . {Spacie | Am-Acute | Acceptable | 1o & otion, | 1.445 0.991 1.458
anomalum 55 )
1983 but
otherwise
model
performs
1.83 0.000 well.
0.01 1.000
0.01 1.000 Model:
15 1.000 .
15 0.800 Yv?buu e
Tl 20 0.700 | gurvival Cyprin?lla Hazel et al. | Am-Acute | Acceptable N’Io dlz?ra’ 22205 14.656 1515
20 0.800 lutrensis 1979 56 )
performs
25 0.300 well on all
25 0.200 metrics.
30 0.000
30 0.000
0.14 1.000 . Cyprinella Hazel et al. | Am-Acute | Acceptable Model: Log
mg/L 015 000 Survival Iutrensis 1979 57 1) Logistic type 7.074 5.157 1.372
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C-R LC50:
Test End- Curve Accept- Curve LCS
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LC5 Ratio
5 0.900 1, 2 para;
5 1.000 Model
6 0.900 performs
6 0.900 well on all
7 0.400 metrics.
7 0.400
8 0.300
8 0.300
0 1.000 Model: LOg
0.88 1.000 Logistic type
0.89 1.000 Lo By
1.08 0.692 Posmblle lack
of partial
effects. One
model
. Swigert parameter is
mg/L Survival Jiyzfer:;ila and Spacie ?gn'A"ute gr)la"ceptable not 1.093 1.047 1.043
1983 significant.
Overly
influential
observation.
Wide
confidence
band on
1.29 0.000 fitted model.
0 0.969 Model:
0.19 1.000 Weibull type
0.23 = Hasan and Qualitatively I{;tilfzrt‘a;
mg/L 0.43 0.9%% Survival Gp TS Maclntosh Am-Acute Acceptable partial 1.788 1.249 1.432
0.69 0.937 carpio 1986 59 ) offects and
1.39 0.875 one overly
2.54 0.000 ) .
influential
4.8 0.000 observation.
mg/L 0 1.000 | Survival | Cyprinus Hasan and | Am-Acute | Acceptable Model: 1.893 1.376 1.376
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C-R LC50:
Test End- Curve Accept- Curve LCS
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LC5 Ratio
0.5 1.000 carpio Maclntosh | 60 (D) Weibull type
0.84 1.000 1986 1, 2 para;
1 1.000 Two overly
1.56 0.844 influential
2.13 0.187 observations,
2.42 0.000 but
otherwise
model
performs
2.62 0.000 well.
0 1.000 Model:
27 1.000 Weibull type
4.44 1.000 1, 2 para;
7.38 0.900 gonfdence
2013 gggg ﬁatl?ed(:llodel
35'2 0'000 is a bit wide
mg/L 532 0.000 | Survival | fbognathus | g 1060y | Am-Acute | Acceptable | and one 17.151 8.476 2.023
amarus 61 1) overly
96.7 0.000 influential
observation,
but
otherwise
model
performs
168 0.000 well.
0 1.000
0 1.000 Model:
0.07 1.000 Weibull type
0.07 1.000 . Swigert 1, 2 para;
mg/L 0.14 100 | S | VEEEEAES | gy | AmmienE | AsEEEbl e 0.594 0.260 2.282
crysoleucas 62 (D)
0.15 1.000 1983 performs
0.3 0.800 well on all
031 0.900 metrics.
0.58 0.500
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C-R LC50:
Test End- Curve Accept- Curve LC5S
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LC5 Ratio
0.6 0.700
1.02 0.000
1.08 0.000
0 1.000 Model:
0 1.000 Weibull type
0.58 1.000 1. 2 para;
0.61 1.000 4!
0.85 1.000 A | Jea
0.85 1.000 2 A
1.14 1.000 Pimephales Swigert Am-Acute Qualitatively band on
mg/L 1.1 1.000 | Survival and Spacie Acceptable 1.530 1.442 1.061
s 0.400 promelas 1983 63 2) .ﬁtteQ mgdel
is wide in
1.56 0.200 some
1.83 0.000 portion. Bad
QQ line.
Overly
influential
1.91 0.000 observation.
0 1.000
L 000 Model: Log
U R0 Logistic type
0.34 1.000 1,3 para;
0.71 0.900 Swigert P’ ’
. ger 0or
mg/L 0.75 1.000 | gyrvival Rz and Spacie SIS | ACTEREE goodness of 1.558 1.283 1.215
0.99 1.000 promelas 1983 64 (1) i ol
1.03 1.000 Two overly
1.56 0.300 influential
1.59 0.600 observations.
2.22 0.000
241 0.000
0 1.000 . Catostomus Reinbold Am-Acute | Acceptable Model: Log
mg/L 0 1.000 | Survival commersonii and 65 1) Logistic type 1.097 0.778 1.411
0.59 1.000 Pescitelli 1, 2 para;
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C-R LC50:
Test End- Curve Accept- Curve LC5S
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LC5 Ratio
0.55 1.000 1982¢ Model
0.77 1.000 performs
0.66 1.000 well on all
0.86 0.900 metrics.
0.83 0.800
1.16 0.400
1.34 0.200
1.81 0.000
1.86 0.000
0 1.000 Model:
0 1.000 Weibull type
0.07 1.000 1,2 para;
0.11 1.000 Dins moad il
0.25 1.000 flj‘;ameter
0.25 1.000 Swigert Qualitativel .
mg/L 0.44 Lo | S | SRR g gSpacie et Ll [ rem— ¥ | significant. 0.760 0.683 1.113
commersonii 66 Wide
0.46 1.000 1983 2 confidence
0.8 0.090 band on
0.79 0.170 fitted model.
1.28 0.000 @ic oy
influential
1.55 0.000 observation.
0 aull Model: Log
0 1.000 Logistic type
0.56 1.000 1, 2 para:
0.6 00 . T’wo ove;ly
0.87 1.000 Reinbold influential
mg/L 093 | 1000 gy pyjyqy | fetalurus and | Am-Acute ) Acceptable | b vations, | 1422 | 1104 | 1.288
1.46 0.700 punctatus Pescitelli 67 @) but
1.43 0.200 1982d otherwise
2.66 0.000 model
2.6 0.000 performs
45 0.000 well.
4.85 0.000
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C-R LC50:
Test End- Curve Accept- Curve LC5S
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LC5 Ratio
0 1.000 Model:
0.66 1.000 2 2 R
071 1.000 One model
- I 0' 900 parameter
- . not
1 0.900 Swigert .
— 133 0.000 | Survival Ictalurus il Sjgres Am-Acute | Unacceptable | significant. 1.042 0991 1.051
punctatus 69 3) Lack of
1.58 0.000 1983 ol
2.13 0.000 e
: : effects.
Wide
confidence
band on
2.31 0.000 fitted model.
0.3 1.000
0.3 1.000 ]
5.2 1.000 Model:
) 1000 Weibull type
- - . 2, 2 para;
mg/L 6.1 1.000 | gurvival Lepomis . Hazel et al. | Am-Acute | Acceptable Model 6.647 6.037 1.101
6.1 0.900 macrochirus 1979 71 €8
performs
6.4 0.600 well on all
6.4 0.700 metrics.
7.4 0.100
7.4 0.200
0 1.000 Model:
0.08 0.975 vl s
0.161 0.900 i 3lfaffa;
0.336 0.925 p:ftiai’
mg/L 0.708 e i~ e ?g;‘;h ctal. %m'AC“te gl;acceptable effects. One |  0.835 0.766 1.091
model
parameter
not
significant.
1.543 0.000 Wide
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C-R LC50:
Test End- Curve Accept- Curve LCS
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LC5 Ratio
confidence
band on
fitted model.
0 1.000
0 1.000 %‘)flh t
0.22 1.000 X le‘;m_ype
0.29 1.000 $ ’
0.33 1.000 . One overly
0.34 1.000 Lepomis Swigert Am-Acute | Acceptable inffential
mg/L : : Survival . and Spacie observation, 1.301 1.073 1.213
0.67 1.000 macrochirus 73 €8
1983 but
0.68 1.000 otherwise
1.32 0.360 the model
1.34 0.430 performs
1.53 0.000 well.
1.73 0.000
0 1.000 Model:
0 1.000 Weibull type
2, 3 para;
0.52 1.000 4 D
0.49 0.900 PO"; ]
0 DL Swigert %1??)—3215360
mg/L (1)?; }888 Sl fneapci?cl’;zirus St ‘?f"AC“te éiceptable Overly 1.366 1213 1.127
: : 1983 influential
1.09 1.000 observation
139 0.700 due fo
1.32 0.400 possible lack
1.79 0.000 of partial
1.84 0.000 effects.
0 1.000 Model:
0.84 1.000 Swisert ;’V?b“” type
0.88 1.000 j wiger - > < para,
mg/L survitaigf| Lepomis and Spacie | Am-Acute | Acceptable | o0 1377 1.120 1.230
1.22 0.800 macrochirus 75 €8
1'88 0'100 1983 influential
- - observation,
2.29 0.000 but
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C-R LC50:
Test End- Curve Accept- Curve LC5S
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LC5 Ratio
otherwise
model
performs
well.
0.05 1.000
0.05 1.000 Model:
12.6 1.000 .
2.6 1000 Weibull type
: : 2, 2 para;
mg/L 20.4 0.900 | gyrvival f”;ﬁfcf]ﬁ?[z“ 11{;7231 @il ‘7*6m'AC“te éiceptable Model 34747 | 20131 1.726
20.4 1.000 P performs
35.5 0.300 well on all
355 0.400 metrics.
37.7 0.500
37.7 0.600
0.04 1.000 Model: Log
0.04 1.000 Logistic type
4.6 1.000 1, 3 para
4.6 1.000 (LL.3u);
6.2 0.800 . Etheostoma Hazel etal. | Am-Acute | Acceptable Poor QQ
mg/L % 1000 Survival spectabile 1979 77 (1) line, but 7.109 5.796 1.226
87 0.200 otherwise
8.7 0.300 model
10.9 0.200 performs
10.9 0.200 well.
104.6944232 1.000 Model: Log
111.2378246 0.800 Logistic type
117.781226 0.500 é’zgzmﬂ
124.3246275 0.300 b;’;‘dlognce
130.8680289 0.000 . Oreochromis Ranietal. | Am-Acute | Acceptable
me/l 374114304 0ann] PEEEL | e || 1058 78 1) f;ttv‘zfd?‘ﬁl el B
143.9548318 0.000 otherwise
150.4982333 0.000 model
performs
157.0416347 0.000 well.
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C-R LC50:
Test End- Curve Accept- Curve LC5S
Units Conc. Resp. point Species Citation | Label ability Notes LC50 LC5 Ratio
0.3 1.000 Model: Log
3.3 1.000 L
6.0 1000 Schuytema Logistic type
. . . Pseudacris and Am-Acute | Unacceptable | 1, 2 para;
mg/L 133 1.000 | Survival regilla Nebecker 79 3) Model does 46.918 39.463 1.189
25.1 1.000 1998 not perform
50.9 0.200 well.
101.2 0.000
0.2 0.967 Model:
32 } ggg Schuytema }Vgltl);lrla‘.[ype
: : . Pseudacris and Am-Acute | Acceptable , ’
mg/L 12.8 1.000 | Survival regilla Nebecker 20 (1) Model 64.433 29.453 2.188
24.9 0.933 performs
1998
49.7 0.767 well on all
102.9 0.033 TS
0.04 1.000 Model: Log
2.6 1.000 -
61 000 Schuytema Logistic type
: : . Pseudacris and Am-Acute | Unacceptable | 1, 2 para;
mg/L 11.7 1.000 | Survival regilla Nebecker 31 3) Model does 93.651 72.777 1.287
23.1 1.000 1998 not perform
454 1.000 well.
91.5 0.567
03 0.960 Model: LOg
6.9 0.987 L 2 1R
13.3 0.987 DO ot
25.1 0.867 Schuytema o £00ANess
50.9 0.000 . and ppirty | CPEMEAREL || el
mg/L ? 2 Survival | Xenopus laevis Acceptable and overly 31.370 12.600 2.490
Nebecker 82 . .
) influential
1998 .
observations.
This model
ranked
higher in
101.2 0.000 AIC than
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Units

Test
Conc.

Resp.

End-
point

Species

Citation

C-R
Curve
Label

Accept-
ability

Curve
Notes

LC50

LC5

LC50:
LC5
Ratio

others, but
other models
did not
perform
well.

mg/L

0.04

1.000

2.6

0.907

6.1

0.933

11.7

0.933

23.1

0.907

454

0.893

91.5

0.000

Survival

Xenopus laevis

Schuytema
and
Nebecker
1998

Am-Acute
83

Qualitatively
Acceptable

(@)

Model:
Weibull type
1, 3 para;
Lack of
partial
effects.
Wide
confidence
band on
fitted model
and EC
estimates.
Overly
influential
observation.

64.550

45.578

1.416
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Appendix B. Empirical chronic toxicity data, LC50s, LCS5, LC50:L.C5, and concentration-response model fit notes for

acceptable and qualitatively acceptable model fits.

Dichotomous Data

C-R Curve EC20:
Test End- Curve | Accept- Curve EC5S
Units | Conc. | Resp. | point #/trt. | Species Citation | Label | ability Notes EC20 EC5 Ratio
0.04 | 1.0000 Model:
0.13 | 0.8300 A }’V;ibull type
. m- , 2 para;
mg/lL g:ij g:;;gg Survival | 40 ngzzjzzs et | Chronic Acc?f;able Model 0.284270 | 0.101180 | 2.809536
1 performs
1.02 | 0.3000 well on all
1.98 | 0.0000 metrics.
0.06 | 0.9500 Model:
0.16 | 0.9300 Weibull type
0.26 | 0.9500 1,3 para;
o Overly
" 049 | 0.8200 val 4 Lampsilis Wang et ﬁ ' 4 ?:ahtatl\t]jly influential ” 2 | 14922
mg 0.88 | 0.7500 | surviva 0 siljgE al. 2011 C r;nlc ccezpta € | observation 0.832288 | 0.5577 492299
) due to
possible lack
of partial
2.02 | 0.0000 effects.
0.08 | 1.0000 Model: Log
0.4 | 0.9800 Logistic type
0.81 | 0.9800 8 . o
1.67 | 0.1500 S
3.45 | 0.0000 HL —
i Am- Qualitatively Zn(sie;:gztéon
mg/L Survival 40 Villosa iris Chronic | Acceptable 1.173170 | 0.983123 | 1.193309
al. 2007a 3 2) confidence
band on
fitted model
due to
possible lack
of partial
7.56 | 0.0000 effects.
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Dichotomous Data

C-R Curve EC20:
Test End- Curve | Accept- Curve EC5
Units | Conc. | Resp. | point #/trt. | Species Citation | Label | ability Notes EC20 ECS Ratio
0.01 | 0.9200 Model:
0.03 | 0.8000 Weibull type
0.06 | 0.5300 é’é‘sﬁara?
0.08 | 0.3600 Sparks A Y
m- bound just
mg/L 0.19 | 0.1790 | gyryival | 40 Musculum and - opronic | Acceptable g 0.032298 | 0.015605 | 2.069756
transversum Sandusky )] .
1981 S negatl\/.e, but
otherwise
model
performs
0.52 | 0.1750 well.
0| 1.0000 Model:
1.54 | 0.9500 Weibull type
2.76 | 1.0000 Thurston Am- . .
mg/L 37 0so00 | Survival | 20 |F te”g”"f’ce”" giel | Climonts | S SSRELE ) nutleiel 3.785560 | 3.289260 | 1.150885
adia (D) observations,
1984b 13
due to
possible lack
of partial
4.9 | 0.4000 effects.
0 | 0.9500 Model:
0.385 | 0.5500 Weibull type
0.791 | 0.9000 I, 3 para;
Poor
1.7 | 0.4500
goodness of
3.38 | 0.1000 P n Thurston Am- U bl fit p-value
mg/L Survival | 20 te’"g”ff"e | etal. | Chronic nacc;’pta © | and most 0.338817 | 0.049549 | 6.838058
adia 1984b 14 3) ECx
estimates
have
negative
lower
6.89 | 0.1500 bounds.
mg/L 0.11 | 0.6030 | Survival 200 18.948430 | 12.325430 | 1.537344
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Dichotomous Data

C-R Curve EC20:
Test End- Curve | Accept- Curve EC5
Units | Conc. | Resp. | point #/trt. | Species Citation | Label | ability Notes EC20 EC5 Ratio
0.11 | 0.8210 Model:
0.22 | 0.6080 Weibull type
0.11 | 0.7960 12;0 .erara;
UL | O o oodness of
1.09 | 0.6480 Oncorhynchus K Am- Qualitatively &
. och et . fit p-value
185 | 0.4780 clarkii 1. 1980 Chronic | Acceptable d i
henshawi al 15 Q) and QQ line,
18.29 | 0.6760 but
102.16 | 0.2000 otherwise
model
performs
82.67 | 0.0000 well.
0.001 | 0.5100 16 Model: Log
0| 0.4800 16 If03gistic type
0.06 | 0.4600 12 » > para,
0.056 | 0.4200 12 Most of the
0.087 | 0.3800 | Proportion 17 Pimephales Thurston Am- Unacceptable E(()jli(nilzv;ier:
mg/L 0.092 | 0.5300 Eg%sd 17 promelas et al. 1986 Ch;c;mc 3) negative and 0.119151 | 0.058923 | 2.022156
0.189 | 0.2300 | Hatche 12 the
0.188 | 0.3200 12 confidence
0.37 | 0.1700 11 band on the
fitted model
0.369 | 0.0800 11 is wide.
0| 0.7300 Model:
0| 0.7350 Weibull type
1.3 | 0.7800 . 1, 3 para;
1.3 | 0.8720 Lo | RO A | Qualitatively | O model
mg/L 2| 0.9600 | Survival | 80 epomis and | Chronic | Acceptable | PAFAMEIETIS | 5 566953 | 4820380 | 1.195077
cyanellus Pescitelli not
2.2 | 0.7800 1982a 26 @) significant
3.4 | 0.7700 and
3.4 | 0.8420 confidence
6.3 | 0.5750 band on
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Dichotomous Data

C-R Curve EC20:
Test End- Curve | Accept- Curve EC5
Units | Conc. | Resp. | point #/trt. | Species Citation | Label | ability Notes EC20 EC5 Ratio
6.3 | 0.4400 fitted model
9.7 | 0.0000 is wide.
9.4 | 0.0000
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Continuous Data

C-R
Units | Test Units Curve | Curve EC20:EC5
x) Conc. | () Response | Endpoint | Species Citation Label Acceptability | Curve Notes | EC20 ECS Ratio
0.12 0.5497 Model:
0.57 0.4848 | Change o Am- Weibull type
gt | 097 ] s | 05980 )| e Shell | SAEE Bz%sls‘fr Chrels Una"g;’table if fis 224263 | 1.62696 | 137841
2.06 0.4604 | Length v 6 odet does
not perform
3.67 0.2513 well.
0 21.40 Model:
0 27.20 Weibull type
6.6 28.80 2,3 para;
9.2 24.80 One model
parameter is
22.5 23.00 v A not
23 24.40 O\ Ceriodaphnia Mount ™| Unacceptable | significant.
mg/L 53 count 17.20 per acanthina 1982 Chronic 3) Poor QQ 57.07882 | 55.32325 1.03173
Female 7 .
60 11.20 line. Overly
100 0.40 influential
observations.
Possible lack
of partial
105 0.00 effects.
0 18 ﬁig Model.
2 : Weibull type
0.31 13.80 1, 3 para;
0.44 10.10 | Young Ceriodaphni Nimmo et Am- Qualitatively | Confidence
mgL | 0.53 | count 9.20 per ertodaprmia Chronic | Acceptable | band on 0.50169 | 0.24273 | 2.06688
dubia al. 1989
0.68 940 | Female 8 2) fitted model
0.88 6.00 is wide and
the QQ line
116 4.70 is a bit off.
1.43 1.30
0.02 21.80 o Model:
Young . . s Am- Qualitatively o
mg/L 0.21 count 27.60 per Test Cerzodap fnia | Willingham Chronic | Acceptable Weibull ‘pre 5.75464 | 4.51549 1.27442
0.6 19.52 . dubia 1987 2, 3 para;
Animal 9 (2)
1.29 22.14 Confidence

85






Continuous Data

C-R
Units | Test Units Curve | Curve EC20:EC5
x) Conc. | () Response | Endpoint | Species Citation Label Acceptability | Curve Notes | EC20 EC5 Ratio
2.79 24.20 band on
5.83 18.18 fitted model
13 420 is wide, QQ
line is a bit
off, and one
overly
influential
43.2 0.00 observation.
0 66.70 Model:
0.22 67.60 Weibull type
0.42 62.70 1,3 para; A
0.87 49.30 A few overly
. . m- 1 influential
mg/L | L88 | count 28.30 | Young Lt | GOSN | g | ASRENS oo | aenies | asdiss | 2asi4s
per Adult magna al. 1985 10 (1) but
otherwise
model
performs
3.65 0.00 well.
0 24.60 Model:
3.99 21.70 Weibull type
6.85 22.70 2, 3 para;
1175 29.00 ' Confidence
19'66 20.80 ; Reinbold Am- Qualitatively ?and on |
mg/L [ count Young | Daphnia and | o ronic | Acceptable | Ltedmodel o, soisa 1705450 | 1.19282
per Adult magna Pescitelli 11 2) is wide, QQ
1982a line is a bit
off, and two
overly
influential
33.07 6.40 observation.
0.616 2.22 N Model:
vl 8.4 5 1.65 Biomass Hyalella Borgmann Chronic Unacceptable | Weibull ‘pre 781013 | 4.23693 184335
14 0.93 azteca 1994 12 3) 1, 3 para;
23.66 0.03 Negative
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Continuous Data

C-R
Units | Test Units Curve | Curve EC20:EC5
x) Conc. | () Response | Endpoint | Species Citation Label Acceptability | Curve Notes | EC20 ECS Ratio
lower
bounds on
most ECx
estimates.
Very wide
confidence
band on
fitted model.
Overly
influential
observations.
0.02 3.97 Model:
0.81 2.95 A Weibull type
mg/L ;Zj g ;4612 Biomass O”C;’[y ’g;’schus gr;‘ik;gzg Ch?;nic Unacgftable 11\43 dI:llrcail(’)es 9.76656 | 6.83173 | 1.42959
7.4 3.27 not perform
16.8 0.44 well.
0.05 5.48 Model:
3.83 520 Weibull type
7.71 5.06 L, 3 ey
One overly
15.1 4.13 h Am- 1 influential
mg/L | 3038 1o V2 | o | lgvor By | CCERTCE | epogy | ASEIHERE | e, | lAl05e | moRs | oses
al. 2004 (1)
17 but
otherwise
model
performs
62.67 0.00 well.
0 0.30 Model:
0.11 0.29 Weibull type
. Am- 1, 3 para;
/L g'iz mg g;? Weight Cﬁé’;ﬁ.’;’s Viatlet and | Chronic Ac“(’ll’;able Oncoverly | 027252 | 0.14301 | 1.90564
- - 18 influential
0.55 0.10 observation
0.66 0.05 and QQ line
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Continuous Data

C-R
Units | Test Units Curve | Curve EC20:EC5
x) Conc. | () Response | Endpoint | Species Citation Label Acceptability | Curve Notes | EC20 EC5 Ratio
is a bit
wonky, but
otherwise
model
performs
well.
0.13 25.70 Model:
0.65 25.70 Ame Weibull type
mg/L 1.3 . 23.33 Biomass Pimephales Adelman et Chronic Unacceptable | 1, 3 para; 709507 | 4.18000 1.69738
2.85 20.19 promelas al. 2009 20 3) Model does
591 21.98 not perform
14.49 4.59 el
0 46.90 Model:
0.08 42.59 Weibull type
0.12 39.77 Iligspara;
028 29.82 estimate has
0.46 24.55 a negative
Pimephales | Svigertand | Am- Acceptable szgi;:ri:u:i
mg/L mg Biomass P Spacie Chronic p 0.18227 | 0.05740 3.17528
promelas 1 )] two overly
983 21 . X
influential
observations,
but
otherwise
model
performs
1.45 0.00 well.
0 5.66 Model:
0 8.29 Reinbold Ame Weibull type
g, |20 S| iy || SO 0 e || IS 2, e 131253 | 0.88183 | 1.48841
0.29 961 commersonii Pescitelli 23 (1) Confidence
0.53 755 1982a band on the
05 6.83 fitted model
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Continuous Data

C-R
Units | Test Units Curve | Curve EC20:EC5
x) Conc. | () Response | Endpoint | Species Citation Label Acceptability | Curve Notes | EC20 ECS Ratio
0.97 8.17 is wide and
0.85 6.75 there are 2-3
S 4.86 pvgrly .
influentia
Lo 6.05 observations,
2.88 4.29 il
otherwise
model
performs
2.88 1.69 well.
0 264.10 Model:
0.06 240.80 Weibull type
0.2 213.60 Swigertand | Am- influential
mgL | 038 1 g 19170 | Biomass | lcllurus Spacie | Chronic Accell’table observations, | 0.35657 | 0.24103 | 1.47932
punctatus 1983 24 @ but
otherwise
the model
performs
0.68 16.49 well.
0 2.75
0 0.75
0.05 2.80
0.05 2.30 Model:
0.12 3.60 Am Weibull type
mg/L 8; g ;:gg Biomass CLnyqf’e’;Zfs hgf;‘”fgg‘;k Ch;onic Unacg’table Lopas | 030587 | 0.18067 | 1.69301
0.25 1.80 S not perform
0.48 1.90 ol
0.48 0.50
0.91 0.00
0.91 0.00
mg/L 0| mg 26.20 | Biomass 1.79087 | 1.44627 1.23827
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Continuous Data

C-R
Units | Test Units Curve | Curve EC20:EC5
x) Conc. | () Response | Endpoint | Species Citation Label Acceptability | Curve Notes | EC20 EC5 Ratio
1.64 23.01 Model:
3.75 4.29 Weibull type
18.18 0.06 Am- influential
Lepomis Smith et al. Chronic Acceptable | observations
macrochirus 1984 27 )] and off the
QQ line, but
otherwise
model
performs
37.38 0.00 well.
0 167.00
8.24 138.00 i/locielg Log
13 107.00 ) . Am- ogistic type
mgL | 232 | mg 00 | Boum | SATERs || BRSNS | g, | AemEbls ) L S e 827532 | 3.10964 | 2.66118
dolomieu et al. 1985 @) Model
38.1 52.00 28 SRS
117 0.00
0 163.49
4.2 127.60 Model:
6.58 138.30 ] . Am- Weibull ‘.[ype
mgL | 112 | mg 96.96 | Biomass | ‘icropterus | Broderius | oy ;o | Unacceptable | 1,3 para; 5.57384 | 0.70823 | 7.87007
dolomieu et al. 1985 3) Model does
18.4 102.48 29 not perform
31.5 85.50 well.
51.5 46.37
0 118.00 Model:
mglL 2.37 iy 108.00 Biomass Mlcropt?ms Broderius Chronic Acceptable 1, 3 para; 902665 | 511100 176612
375 125.00 dolomieu et al. 1985 30 @) Two overly
6.92 94.00 influential
11.7 31.00 observations,
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Continuous Data

C-R
Units | Test Units Curve | Curve EC20:EC5
x) Conc. | () Response | Endpoint | Species Citation Label Acceptability | Curve Notes | EC20 ECS Ratio
but
otherwise
model
performs
18.3 27.00 well.
0 133.00 Model:
0.347 124.00 Weibull type
0.682 113.00 1,3 para;
1.07 118.00 A One overly
. . m- influential
mgt | 182 | mg 88.00 | Biomass | Micropterus | Broderius oy oo Acceptable | Lo ations, | 148241 | 079932 | 1.85458
316 33.00 dolomieu etal. 1985 3] (D) but
otherwise
model
performs
4.96 0.00 well.
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Appendix C. Method for Fitting and Evaluating Concentration-Response Data
1. Fitting Concentration Response Data in R

Raw concentration-response data (expressed as log[treatment concentration] paired organismal
responses) were obtained from quantitatively-acceptable toxicity studies that reported raw
data. In many scenarios, toxicity studies reported treatment-level mean concentrations and
mean organismal responses; however, individual-replicate data were also available in many
scenarios. When fitting C-R curves, replicate-level data were preferred over treatment-level
data, if both types of data were available. Within R, the drc package was employed to fit 22
mathematical models to each set of raw C-R data.

a.  Fitting Acute Mortality Data
i.  Dichotomous Data

Dichotomous data are binary in nature (e.g. live/dead or 0/1) and are typical of
survival experiments. They are usually represented as a proportion survived.

b.  Fitting Chronic Growth, Reproduction, and Survival Data
i. Continuous Data

Continuous data take on any value along the real number line (e.g. biomass).
ii. Count Data

Count data take on only integer values (e.g. number of eggs hatched).
iii. Dichotomous Data

Dichotomous data are binary in nature (e.g. live/dead or 0/1) and are typical of
survival experiments. They are usually represented as a proportion survived.

2. Determining Most Robust Model Fit for Each C-R curve

The R drec package was used to fit 22 different models to each individual C-R dataset. A single
model was then selected from the 22 models to serve as the representative C-R model. The
selected model represented the most statistically-robust model available. To determine the
most-statistically-robust model for a C-R dataset, all individual model fits were assessed on a
suite of statistical metrics.

a. Selecting Candidate Models

Initially, models were ranked according to the Akaike information criteria (AIC). The AIC
provides a measure of how close a model’s fitted values tend to be to the true expected values,
as summarized by a certain expected distance between the two. That is, the model with the
lowest AIC is generally the optimal model because it is the model fit that tends to have its
fitted values closest to the true outcome probabilities. In some instances, however, the model
with the lowest AIC may possesses a questionable characteristic that suggests the model with
the lowest AIC may not be the most appropriate. Rather than selecting a model based solely on
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the lowest AIC, the AIC ranking step was first used to identify several candidate models that
were more closely examined before selecting a model fit for each C-R dataset.

b. Assessment of Candidate Models to Determine the Most Appropriate Model

Candidate models (i.e., models with low AIC scores relative to other models produced for a
particular C-R dataset) were further evaluated based on additional statistical metrics to
determine a single, statistically robust curve for each quantitatively-acceptable toxicity tests.
These additional statistical metrics were evaluated relative to the other candidate curve fits
produced for each C-R dataset. These additional statistical metrics include:

1. Comparison of residual standard errors

As with AIC, smaller values were desirable. Residual standard errors were
judged relative to other models.

. Width of confidence intervals for EC estimates

Confidence intervals were assessed on standard error relative to estimate and
confirming that the intervals are non-negative. Judged in absolute and relative
to other models.

1il. Width of confidence bands around the fitted model

General visual inspection of the confidence bands for the fitted model. Wide
bands in the area of interest were undesirable. Judged in absolute and
relative to other models.

iv.  P-values of parameters estimates and goodness of fit tests

Hypothesis tests of parameter values determined whether an estimate was
significantly different from zero. Goodness of fit tests judged the overall
performance of the model fit. Typically, the level of significance was set at
0.05. There were occasional instances where the 0.05 criterion was not met,
but there was little recourse for choosing another model. Judged in absolute
terms.

v.  Residual plots

Residuals were examined for homoskedacity and biasedness. Judged in
absolute and relative to other models.

vi.  Overly influential observations

Observations were judged on Cook’s distance and leverage. When an
observation was deemed overly influential, it was not reasonable to refit the
model and exclude any overly influential observations given the limited data
available. Judged in absolute terms.

Of these statistical metrics, residual standard errors, confidence intervals relative to effects
concentration estimates, and confidence bands carried the most weight in determining the
most appropriate model to be representative of an individual C-R dataset.

3. Determining Curve Acceptability for use in Taxonomic Adjustment Factor (TAF) or
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Mean Adjustment Factor (MAF) Derivation

The final curve fits that were selected for each of the quantitatively-acceptable toxicity tests
were further evaluated and scored to determine whether the curves were: 1) quantitatively-
acceptable for use, 2) qualitatively acceptable for use, or 3) unacceptable. To determine curve
acceptability for use in deriving an acute or chronic TAF and/or MAF, each individual curve
was reconsidered based on the statistical metrics described above. Instead of evaluating curves
fits relative to other curve fits for the same data (as was previously done to select the most-
robust curve for each test), curve fit metrics were used to assign each curve a score:

¢ 1 = Quantitatively Acceptable Model. Model performed well on most/all
statistical metrics. Models that scored a 1 were used to derive TAFs and MAFs.

e 2= Qualitatively Acceptable Model. Model generally performed well on statistical
metrics; however, the model presented some characteristic(s) that may call estimates
into question. Such models should be considered with caution. These problems
consisted of any number of issues such as a parameter with a high p-value, poor
goodness of fit p- value, wide confidence bands for fit or estimate interval, or residuals
that indicated model assumptions are not met. Models that scored a 2 were used as
supportive information and were included in TAF derivation if they provided data for
listed species, or closely- related surrogates, that would otherwise not be available.

e 3 =Unacceptable Model. Model poorly fit to the data. Models should not be used
for TAF or MAF derivation.

While the scoring system may contain a subjective component, it provides a classification
mechanism to aid in evaluating models to inform their quantitative or qualitative use in a
relatively repeatable manner. Individual model fits and the corresponding curve acceptability
scores for each set of available C-R data are described in Appendices A and B. Please see the
attached supplemental information: NH3 Supplemental Information A for acute C-R curves
and model diagnostics and the attached supplemental information:

NH3_Supplemental Information B for acute C-R curves and model diagnostics.
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United States Department of the Interior
FISH AND WILDLIFE SERVICE

Louisiana Ecological Services Field Office
200 Dulles Drive
Lafayette, LA 70506
Phone: (337) 291-3100 Fax: (337) 291-3139

In Reply Refer To: April 29, 2020
Consultation Code: 04EL1000-2020-SLI-0482

Event Code: 04EL.1000-2020-E-02288

Project Name: State of Louisiana

Subject: Updated list of threatened and endangered species that may occur in your proposed
project location, and/or may be affected by your proposed project

To Whom It May Concern:

*Due to the Louisiana Governor's mandatory quarantine order for the coronavirus
(COVID-19), and in order to keep our staff and the public safe, we are unable to accept or
respond in a timely manner to consultation request or project review/concurrence that we
receive through the U.S. Mail. Please submit your request electronically to
lafayette@fws.gov or call 337-291-3100.

The enclosed species list identifies threatened, endangered and candidate species, as well as
designated and proposed critical habitat that may occur within the boundary of your proposed
project and may be affected by your proposed project. The Fish and Wildlife Service (Service) is
providing this list under section 7 (c) of the Endangered Species Act (Act) of 1973, as amended
(16 U.S.C. 1531 et seq.). Changes in this species list may occur due to new information from
updated surveys, changes in species habitat, new listed species and other factors. Because of
these possible changes, feel free to contact our office (337/291-3126) for more information or
assistance regarding impacts to federally listed species. The Service recommends visiting the
ECOS-IPaC site or the Louisiana Ecological Services website (www.fws.gov/lafayette) at regular
intervals during project planning and implementation for updated species lists and information.
An updated list may be requested through the ECOS-IPaC system by completing the same
process used to receive the enclosed list.

The purpose of the Act is to provide a means whereby threatened and endangered species and the
habitats upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 et seq.), Federal agencies are required to
utilize their authorities to carry out programs for the conservation of Federal trust resources and
to determine whether projects may affect Federally listed species and/or designated critical
habitat.
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A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.

If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected (e.g. adverse, beneficial,
insignificant or discountable) by the proposed project, the agency is required to consult with the
Service pursuant to 50 CFR 402. In addition, the Service recommends that candidate species and
proposed critical habitat be addressed within the consultation. More information on the
regulations and procedures for section 7 consultation, including the role of permit or license
applicants, can be found in the “Endangered Species Consultation Handbook™ at http://
www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF or by contacting our office at the
number above.

Bald eagles have recovered and were removed from the List of Endangered and Threatened
Species as of August 8, 2007. Although no longer listed, please be aware that bald eagles are
protected under the Bald and Golden Eagle Protection Act (BGEPA) (16 U.S.C. 668 et seq.). The
Service developed the National Bald Eagle Management (NBEM) Guidelines to provide
landowners, land managers, and others with information and recommendations to minimize
potential project impacts to bald eagles, particularly where such impacts may constitute
“disturbance,” which is prohibited by the BGEPA. A copy of the NBEM Guidelines is available
at: http://www.fws.gov/southeast/es/baldeagle/NationalBaldEagleManagementGuidelines.pdf.
Those guidelines recommend: (1) maintaining a specified distance between the activity and the
nest (buffer area); (2) maintaining natural areas (preferably forested) between the activity and
nest trees (landscape buffers); and (3) avoiding certain activities during the breeding season. On-
site personnel should be informed of the possible presence of nesting bald eagles within the
project boundary, and should identify, avoid, and immediately report any such nests to this office.
If a bald eagle nest occurs or is discovered within or adjacent to the proposed project area, then
an evaluation must be performed to determine whether the project is likely to disturb nesting bald
eagles. That evaluation may be conducted on-line at: http://www.fws.gov/southeast/es/baldeagle.
Following completion of the evaluation, that website will provide a determination of whether
additional consultation is necessary. The Division of Migratory Birds for the Southeast Region of
the Service (phone: 404/679-7051, e-mail: SEmigratorybirds@fws.gov) has the lead role in
conducting any necessary consultation. Should you need further assistance interpreting the
guidelines or performing an on-line project evaluation, please contact this office.

Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g. cellular, digital television, radio and emergency broadcast) can be found at: http://

www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm ; http://

www.towerkill.com; and http://fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/
comtow.html.




http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF

http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF

http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm

http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm

http://www.towerkill.com/

http://www.towerkill.com/

http://fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html

http://fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html
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Activities that involve State-designated scenic streams and/or wetlands are regulated by the
Louisiana Department of Wildlife and Fisheries and the U.S. Army Corps of Engineers,
respectively. We, therefore, recommend that you contact those agencies to determine their
interest in proposed projects in these areas.

Activities that would be located within a National Wildlife Refuge are regulated by the refuge
staff. We, therefore, recommend that you contact them to determine their interest in proposed
projects in these areas.

Additional information on Federal trust species in Louisiana can be obtained from the Louisiana
Ecological Services website at: www.fws.gov/lafayette or by calling 337/291-3100.

We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.

Attachment(s):

» Official Species List



http://www.fws.gov/lafayette
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Official Species List

This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".

This species list is provided by:

Louisiana Ecological Services Field Office
200 Dulles Drive

Lafayette, LA 70506

(337) 291-3100





04/29/2020 Event Code: 04EL1000-2020-E-02288

Project Summary
Consultation Code: 04EL1000-2020-SLI-0482

Event Code: 04EL1000-2020-E-02288
Project Name: State of Louisiana
Project Type: WATER QUALITY MODIFICATION

Project Description: Statewide criteria

Project Location:
Approximate location of the project can be viewed in Google Maps: https://
www.google.com/maps/place/30.937327411965153N91.63980971075344W

Counties: Acadia, LA | Allen, LA | Ascension, LA | Assumption, LA | Avoyelles, LA |
Beauregard, LA | Bienville, LA | Bossier, LA | Caddo, LA | Calcasieu, LA | Caldwell,
LA | Cameron, LA | Catahoula, LA | Claiborne, LA | Concordia, LA | De Soto, LA |
East Baton Rouge, LA | East Carroll, LA | East Feliciana, LA | Evangeline, LA |
Franklin, LA | Grant, LA | Iberia, LA | Iberville, LA | Jackson, LA | Jefferson, LA |
Jefferson Davis, LA | LaSalle, LA | Lafayette, LA | Lafourche, LA | Lincoln, LA |
Livingston, LA | Madison, LA | Morehouse, LA | Natchitoches, LA | Orleans, LA |
Ouachita, LA | Plaquemines, LA | Pointe Coupee, LA | Rapides, LA | Red River, LA |
Richland, LA | Sabine, LA | St. Bernard, LA | St. Charles, LA | St. Helena, LA | St.
James, LA | St. John the Baptist, LA | St. Landry, LA | St. Martin, LA | St. Mary, LA
| St. Tammany, LA | Tangipahoa, LA | Tensas, LA | Terrebonne, LA | Union, LA |
Vermilion, LA | Vernon, LA | Washington, LA | Webster, LA | West Baton Rouge, LA
| West Carroll, LA | West Feliciana, LA | Winn, LA



https://www.google.com/maps/place/30.937327411965153N91.63980971075344W

https://www.google.com/maps/place/30.937327411965153N91.63980971075344W
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Endangered Species Act Species

There is a total of 24 threatened, endangered, or candidate species on this species list.

Species on this list should be considered in an effects analysis for your project and could include
species that exist in another geographic area. For example, certain fish may appear on the species
list because a project could affect downstream species.

IPaC does not display listed species or critical habitats under the sole jurisdiction of NOAA
Fisheries!, as USFWS does not have the authority to speak on behalf of NOAA and the
Department of Commerce.

See the "Critical habitats" section below for those critical habitats that lie wholly or partially
within your project area under this office's jurisdiction. Please contact the designated FWS office
if you have questions.

1. NOAA Fisheries, also known as the National Marine Fisheries Service (NMFS), is an
office of the National Oceanic and Atmospheric Administration within the Department of

Commerce.
Mammals
NAME STATUS
Northern Long-eared Bat Myotis septentrionalis Threatened

No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9045

West Indian Manatee Trichechus manatus Threatened
There is final critical habitat for this species. Your location is outside the critical habitat.
This species is also protected by the Marine Mammal Protection Act, and may have additional
consultation requirements.
Species profile: https://ecos.fws.gov/ecp/species/4469




https://www.fisheries.noaa.gov/

https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/4469
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Birds
NAME

Least Tern Sterna antillarum
Population: interior pop.
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/8505

Piping Plover Charadrius melodus
Population: [Atlantic Coast and Northern Great Plains populations] - Wherever found, except
those areas where listed as endangered.
There is final critical habitat for this species. Your location overlaps the critical habitat.

Species profile: https://ecos.fws.gov/ecp/species/6039

Red Knot Calidris canutus rufa
No critical habitat has been designated for this species.

Species profile: https://ecos.fws.gov/ecp/species/1864

Red-cockaded Woodpecker Picoides borealis

No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/7614

STATUS
Endangered

Threatened

Threatened

Endangered



https://ecos.fws.gov/ecp/species/8505

https://ecos.fws.gov/ecp/species/6039

https://ecos.fws.gov/ecp/species/1864

https://ecos.fws.gov/ecp/species/7614
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Reptiles
NAME STATUS
Gopher Tortoise Gopherus polyphemus Threatened

Population: West of Mobile and Tombigbee Rivers
No critical habitat has been designated for this species.

Species profile: https://ecos.fws.gov/ecp/species/6994

Hawksbill Sea Turtle Eretmochelys imbricata Endangered
There is final critical habitat for this species. Your location is outside the critical habitat.
Species profile: https://ecos.fws.gov/ecp/species/3656

Kemp's Ridley Sea Turtle Lepidochelys kempii Endangered
There is proposed critical habitat for this species. The location of the critical habitat is not
available.

Species profile: https://ecos.fws.gov/ecp/species/5523

Leatherback Sea Turtle Dermochelys coriacea Endangered
There is final critical habitat for this species. Your location is outside the critical habitat.
Species profile: https://ecos.fws.gov/ecp/species/1493

Loggerhead Sea Turtle Caretta caretta Threatened
Population: Northwest Atlantic Ocean DPS
There is final critical habitat for this species. Your location is outside the critical habitat.
Species profile: https://ecos.fws.gov/ecp/species/1110

Louisiana Pinesnake Pituophis ruthveni Threatened
No critical habitat has been designated for this species.

Species profile: https://ecos.fws.gov/ecp/species/4092

Ringed Map Turtle Graptemys oculifera Threatened

No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/2664

Amphibians
NAME STATUS
Dusky Gopher Frog Rana sevosa Endangered

There is final critical habitat for this species. Your location is outside the critical habitat.
Species profile: https://ecos.fws.gov/ecp/species/5600




https://ecos.fws.gov/ecp/species/6994

https://ecos.fws.gov/ecp/species/3656

https://ecos.fws.gov/ecp/species/5523

https://ecos.fws.gov/ecp/species/1493

https://ecos.fws.gov/ecp/species/1110

https://ecos.fws.gov/ecp/species/4092

https://ecos.fws.gov/ecp/species/2664

https://ecos.fws.gov/ecp/species/5600
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Fishes
NAME

Atlantic Sturgeon (gulf Subspecies) Acipenser oxyrinchus (=oxyrhynchus)

desotoi

There is final critical habitat for this species. Your location overlaps the critical habitat.

Species profile: https://ecos.fws.gov/ecp/species/651

Pallid Sturgeon Scaphirhynchus albus

No critical habitat has been designated for this species.

Species profile: https://ecos.fws.gov/ecp/species/7162

Clams

NAME
Fat Pocketbook Potamilus capax

No critical habitat has been designated for this species.

Species profile: https://ecos.fws.gov/ecp/species/2780

Inflated Heelsplitter Potamilus inflatus

No critical habitat has been designated for this species.

Species profile: https://ecos.fws.gov/ecp/species/7286

Louisiana Pearlshell Margaritifera hembeli

No critical habitat has been designated for this species.

Species profile: https://ecos.fws.gov/ecp/species/8468

Pink Mucket (pearlymussel) Lampsilis abrupta

No critical habitat has been designated for this species.

Species profile: https://ecos.fws.gov/ecp/species/7829

Rabbitsfoot Quadrula cylindrica cylindrica

There is final critical habitat for this species. Your location is outside the critical habitat.

Species profile: https://ecos.fws.gov/ecp/species/5165

Flowering Plants
NAME

American Chaffseed Schwalbea americana

No critical habitat has been designated for this species.

Species profile: https://ecos.fws.gov/ecp/species/1286

Geocarpon minimum

No critical habitat has been designated for this species.

Species profile: https://ecos.fws.gov/ecp/species/7699

STATUS
Threatened

Endangered

STATUS
Endangered

Threatened

Threatened

Endangered

Threatened

STATUS
Endangered

Threatened



https://ecos.fws.gov/ecp/species/651

https://ecos.fws.gov/ecp/species/7162

https://ecos.fws.gov/ecp/species/2780

https://ecos.fws.gov/ecp/species/7286

https://ecos.fws.gov/ecp/species/8468

https://ecos.fws.gov/ecp/species/7829

https://ecos.fws.gov/ecp/species/5165

https://ecos.fws.gov/ecp/species/1286

https://ecos.fws.gov/ecp/species/7699
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Ferns and Allies
NAME STATUS

Louisiana Quillwort Isoetes louisianensis Endangered
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/7756

Critical habitats

There are 2 critical habitats wholly or partially within your project area under this office's
jurisdiction.
NAME STATUS

Atlantic Sturgeon (gulf Subspecies) Acipenser oxyrinchus (=oxyrhynchus) desotoi Final
https://ecos.fws.gov/ecp/species/651#crithab

Piping Plover Charadrius melodus Final
https://ecos.fws.gov/ecp/species/6039%#crithab




https://ecos.fws.gov/ecp/species/7756

https://ecos.fws.gov/ecp/species/651#crithab

https://ecos.fws.gov/ecp/species/6039#crithab
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Lampsilis fasciola









Wang et al. 2007a









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 1) with lower limit at 0 and upper limit at 1 (2 parms)



Parameter estimates:



              Estimate Std. Error t-value   p-value    

b:(Intercept)  1.42326    0.16597  8.5756 < 2.2e-16 ***

e:(Intercept)  0.81550    0.07144 11.4151 < 2.2e-16 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1




Goodness-of-fit test



            Df Chisq value p value

                                  

DRC model    4      9.1967  0.0564









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Diagnostic Plots






Standardized Resdiuals vs Fitted
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Studentized Residuals vs Fitted
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Scale-Location Plot
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Quantile Plot
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Cook’s Distance Histogram
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Cook’s Distance vs Leverage
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Daphnia magna









Gersich et al. 1985









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 1) with lower limit at 0 (3 parms)



Parameter estimates:



              Estimate Std. Error t-value   p-value    

b:(Intercept)  1.71953    0.26231  6.5554  0.007218 ** 

d:(Intercept) 67.34030    2.36858 28.4307 9.554e-05 ***

e:(Intercept)  1.91805    0.12853 14.9233  0.000653 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1



Residual standard error:



 3.139019 (3 degrees of freedom)




No test available



          ModelDf Log lik Df Chisq value p value

                                                

DRC model                                       









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Standardized Resdiuals vs Fitted
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Studentized Residuals vs Fitted
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Scale-Location Plot
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Quantile Plot
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Cook’s Distance Histogram
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Cook’s Distance vs Leverage




[image: ]Gersich et al. 1985

Daphnia magna
Weibull type 1, 3 para

Standardized Residuals

05-
0.0-
L]
05-
o
-10- °
0.3 0.4 0.5 0.6
Leverage
Cook'sDist ® 05 @ 10 @ 15 @ 20

0.7














































NH3_Supplemental_Information_B/Am chronic 11.html

























NH3 Acute




B. Schnitker




2019-07-09















Am-chronic-11






Daphnia magna









Reinbold and Pescitelli 1982a









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 2) with lower limit at 0 (3 parms)



Parameter estimates:



              Estimate Std. Error t-value   p-value    

b:(Intercept)  -3.5237     1.4502 -2.4299 0.0933391 .  

d:(Intercept)  24.4995     1.6155 15.1657 0.0006225 ***

e:(Intercept)  23.5575     2.6457  8.9042 0.0029875 ** 

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1



Residual standard error:



 3.232235 (3 degrees of freedom)




No test available



          ModelDf Log lik Df Chisq value p value

                                                

DRC model                                       









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Standardized Resdiuals vs Fitted
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Studentized Residuals vs Fitted
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Scale-Location Plot
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Quantile Plot
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Cook’s Distance Histogram
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Cook’s Distance vs Leverage
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Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 1) with lower limit at 0 (3 parms)



Parameter estimates:



               Estimate Std. Error t-value p-value  

b:(Intercept)  2.404013   0.313288  7.6735 0.08250 .

d:(Intercept)  2.205786   0.079107 27.8836 0.02282 *

e:(Intercept) 14.575674   0.573320 25.4233 0.02503 *

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1



Residual standard error:



 0.07888859 (1 degrees of freedom)




No test available



          ModelDf Log lik Df Chisq value p value

                                                

DRC model                                       









Effects Concentrations and 95% Confidence Intervals
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Studentized Residuals vs Fitted
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Scale-Location Plot
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Quantile Plot
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Cook’s Distance vs Leverage




[image: ]Standardized Residuals

Borgmann 1994

Hyalella azteca
Weibull type 1, 3 para

0.50-

0.25-

0.00-

-0.25-

-0.50-

-0.75- i
0.5 06

Cook's Dist

0.7 0.8
Leverage

® 25 @ 50 @ 75 @ 100

0.9














































NH3_Supplemental_Information_B/Am chronic 13.html

























NH3 Acute




B. Schnitker




2019-07-10















Am-chronic-13






Pteronarcella badia









Thurston et al. 1984b









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 2) with lower limit at 0 (3 parms)



Parameter estimates:



               Estimate Std. Error t-value   p-value    

b:(Intercept) -4.421101   1.384156 -3.1941  0.001403 ** 

d:(Intercept)  0.974734   0.017581 55.4416 < 2.2e-16 ***

e:(Intercept)  4.215775   0.223238 18.8847 < 2.2e-16 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1




Goodness-of-fit test



            Df Chisq value p value

                                  

DRC model    3      2.0808  0.5558









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Scale-Location Plot
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Cook’s Distance Histogram
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Cook’s Distance vs Leverage
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Pteronarcella badia









Thurston et al. 1984b









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 1) with lower limit at 0 (3 parms)



Parameter estimates:



              Estimate Std. Error t-value   p-value    

b:(Intercept)  0.76476    0.18666  4.0972 4.182e-05 ***

d:(Intercept)  0.94353    0.05461 17.2776 < 2.2e-16 ***

e:(Intercept)  2.40855    0.54861  4.3902 1.132e-05 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1




Goodness-of-fit test



            Df Chisq value p value

                                  

DRC model    3       13.64  0.0034









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Studentized Residuals vs Fitted
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Oncorhynchus clarkii henshawi









Koch et al. 1980









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 2) with lower limit at 0 (3 parms)



Parameter estimates:



               Estimate Std. Error t-value   p-value    

b:(Intercept) -1.444702   0.121654 -11.876 < 2.2e-16 ***

d:(Intercept)  0.698333   0.013172  53.017 < 2.2e-16 ***

e:(Intercept) 26.340864   1.860835  14.155 < 2.2e-16 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1




Goodness-of-fit test



            Df Chisq value p value

                                  

DRC model    7      113.45       0









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Studentized Residuals vs Fitted
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Cook’s Distance vs Leverage
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Oncorhynchus mykiss









Brinkman et al. 2009









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 1) with lower limit at 0 (3 parms)



Parameter estimates:



              Estimate Std. Error t-value   p-value    

b:(Intercept)   4.1139     2.5229  1.6306 0.2014615    

d:(Intercept)   3.5154     0.2178 16.1407 0.0005173 ***

e:(Intercept)  14.0633     1.9788  7.1070 0.0057319 ** 

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1



Residual standard error:



 0.4263306 (3 degrees of freedom)




No test available



          ModelDf Log lik Df Chisq value p value

                                                

DRC model                                       









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Cook’s Distance Histogram
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Cook’s Distance vs Leverage
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Esox lucius









Harrahy et al. 2004









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 1) with lower limit at 0 (3 parms)



Parameter estimates:



               Estimate Std. Error t-value   p-value    

b:(Intercept)  2.605419   0.182596  14.269 0.0007459 ***

d:(Intercept)  5.348831   0.071899  74.393 5.353e-06 ***

e:(Intercept) 25.090777   0.536659  46.754 2.154e-05 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1



Residual standard error:



 0.1040248 (3 degrees of freedom)




No test available



          ModelDf Log lik Df Chisq value p value

                                                

DRC model                                       









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Cyprinus carpio









Mallet and Sims 1994









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 1) with lower limit at 0 (3 parms)



Parameter estimates:



               Estimate Std. Error t-value   p-value    

b:(Intercept) 2.2801101  0.2917684  7.8148  0.004362 ** 

d:(Intercept) 0.2961893  0.0090899 32.5844 6.353e-05 ***

e:(Intercept) 0.5261298  0.0178651 29.4501 8.598e-05 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1



Residual standard error:



 0.01112982 (3 degrees of freedom)




No test available



          ModelDf Log lik Df Chisq value p value

                                                

DRC model                                       









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Lampsilis siliquoidea









Wang et al. 2011









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 1) with lower limit at 0 (3 parms)



Parameter estimates:



              Estimate Std. Error t-value   p-value    

b:(Intercept) 3.672721   0.979067  3.7512  0.000176 ***

d:(Intercept) 0.928767   0.025771 36.0388 < 2.2e-16 ***

e:(Intercept) 1.252101   0.110597 11.3213 < 2.2e-16 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1




Goodness-of-fit test



            Df Chisq value p value

                                  

DRC model    3      3.9039   0.272









Effects Concentrations and 95% Confidence Intervals










			



			

Estimate



			

Std. Error



			

Lower



			

Upper














			

e:1:5



			

0.5577218



			

0.1257610



			

0.3112346



			

0.8042089










			

e:1:10



			

0.6784789



			

0.1211427



			

0.4410436



			

0.9159141










			

e:1:15



			

0.7634596



			

0.1160213



			

0.5360621



			

0.9908572










			

e:1:20



			

0.8322875



			

0.1114175



			

0.6139133



			

1.0506617










			

e:1:50



			

1.1331820



			

0.1018985



			

0.9334647



			

1.3328993




















Ratio (EC20/EC5)




[1] 1.492299









Data










			



			

units.x



			

conc



			

units.y



			

resp



			

n














			

7



			

mg/L



			

0.06



			

Proportion Survived



			

0.95



			

40










			

8



			

mg/L



			

0.16



			

Proportion Survived



			

0.93



			

40










			

9



			

mg/L



			

0.26



			

Proportion Survived



			

0.95



			

40










			

10



			

mg/L



			

0.49



			

Proportion Survived



			

0.82



			

40










			

11



			

mg/L



			

0.88



			

Proportion Survived



			

0.75



			

40










			

12



			

mg/L



			

2.02



			

Proportion Survived



			

0.00



			

40




















Fitted Model with 95% Confidence Band
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Cook’s Distance vs Leverage
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Pimephales promelas









Adelman et al. 2009









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 1) with lower limit at 0 (3 parms)



Parameter estimates:



              Estimate Std. Error t-value   p-value    

b:(Intercept)   2.7788     1.5132  1.8364 0.1636188    

d:(Intercept)  24.0649     1.4627 16.4525 0.0004887 ***

e:(Intercept)  12.1724     1.5316  7.9473 0.0041552 ** 

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1



Residual standard error:



 2.495549 (3 degrees of freedom)




No test available



          ModelDf Log lik Df Chisq value p value

                                                

DRC model                                       









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Cook’s Distance vs Leverage
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Pimephales promelas









Swigert and Spacie 1983









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 1) with lower limit at 0 (3 parms)



Parameter estimates:



               Estimate Std. Error t-value   p-value    

b:(Intercept)  1.272514   0.190531  6.6788 0.0068453 ** 

d:(Intercept) 46.132512   1.809309 25.4973 0.0001323 ***

e:(Intercept)  0.592429   0.051985 11.3961 0.0014497 ** 

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1



Residual standard error:



 2.039423 (3 degrees of freedom)




No test available



          ModelDf Log lik Df Chisq value p value

                                                

DRC model                                       









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Cook’s Distance vs Leverage
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Pimephales promelas









Thurston et al. 1986









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Log-logistic (ED50 as parameter) with lower limit at 0 (3 parms)



Parameter estimates:



              Estimate Std. Error t-value   p-value    

b:(Intercept) 2.212758   1.300597  1.7013  0.088879 .  

d:(Intercept) 0.490240   0.075039  6.5331 6.443e-11 ***

e:(Intercept) 0.222938   0.069284  3.2177  0.001292 ** 

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1




Goodness-of-fit test



            Df Chisq value p value

                                  

DRC model    7      1.7438  0.9727









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Studentized Residuals vs Fitted
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Scale-Location Plot
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Quantile Plot
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Cook’s Distance vs Leverage
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Catostomus commersonii









Reinbold and Pescitelli 1982a









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 2) with lower limit at 0 (3 parms)



Parameter estimates:



              Estimate Std. Error t-value   p-value    

b:(Intercept) -1.56221    0.69014 -2.2636 0.0498805 *  

d:(Intercept)  7.73833    0.52364 14.7779 1.284e-07 ***

e:(Intercept)  1.77994    0.32391  5.4951 0.0003826 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1



Residual standard error:



 1.294476 (9 degrees of freedom)




Lack-of-fit test



          ModelDf     RSS Df F value p value

ANOVA           2  6.8684                   

DRC model       9 15.0810  7  0.3416  0.8808









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Standardized Resdiuals vs Fitted
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Studentized Residuals vs Fitted
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Quantile Plot
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Cook’s Distance Histogram
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Cook’s Distance vs Leverage
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Ictalurus punctatus









Swigert and Spacie 1983









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 1) with lower limit at 0 (3 parms)



Parameter estimates:



                Estimate Std. Error t-value   p-value    

b:(Intercept)   3.754676   1.109066  3.3854 0.0429188 *  

d:(Intercept) 246.333154  10.926750 22.5440 0.0001911 ***

e:(Intercept)   0.531661   0.039502 13.4590 0.0008869 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1



Residual standard error:



 19.86853 (3 degrees of freedom)




No test available



          ModelDf Log lik Df Chisq value p value

                                                

DRC model                                       









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Studentized Residuals vs Fitted
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Quantile Plot
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Cook’s Distance Histogram
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Cook’s Distance vs Leverage




[image: ]Standardized Residuals

Swigert and Spacie 1983

Ictalurus punctatus
Weibull type 1, 3 para
1.0~

05- .

0.0-

-0.5-

-1.0-

02 0.4

Cook's Dist ®

0.6 0.8
Leverage

10 ® 20 @ 30 @ 4 @ 50

1.0














































NH3_Supplemental_Information_B/Am chronic 25.html

























NH3 Acute




B. Schnitker




2019-07-11















Am-chronic-25






Lepomis cyanellus









McCormick et al. 1984









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 1) with lower limit at 0 (3 parms)



Parameter estimates:



              Estimate Std. Error t-value   p-value    

b:(Intercept)  2.79246    2.17267  1.2853  0.230787    

d:(Intercept)  2.50999    0.34673  7.2390 4.874e-05 ***

e:(Intercept)  0.52338    0.13435  3.8956  0.003644 ** 

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1



Residual standard error:



 0.8467447 (9 degrees of freedom)




Lack-of-fit test



          ModelDf    RSS Df F value p value

ANOVA           6 3.1700                   

DRC model       9 6.4528  3  2.0712  0.2055









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Studentized Residuals vs Fitted
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Quantile Plot
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Cook’s Distance Histogram
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Cook’s Distance vs Leverage
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Lepomis cyanellus









Reinbold and Pescitelli 1982a









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 1) with lower limit at 0 (3 parms)



Parameter estimates:



               Estimate Std. Error t-value   p-value    

b:(Intercept)  8.250114  11.293610  0.7305    0.4651    

d:(Intercept)  0.809340   0.016144 50.1318 < 2.2e-16 ***

e:(Intercept)  6.909322   0.872830  7.9160 2.448e-15 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1




Goodness-of-fit test



            Df Chisq value p value

                                  

DRC model    9      25.075  0.0029









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Standardized Resdiuals vs Fitted
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Studentized Residuals vs Fitted
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Quantile Plot
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Cook’s Distance Histogram
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Cook’s Distance vs Leverage
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Lepomis macrochirus









Smith et al. 1984









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 2) with lower limit at 0 (3 parms)



Parameter estimates:



               Estimate Std. Error t-value   p-value    

b:(Intercept) -2.907169   0.185111 -15.705 0.0005611 ***

d:(Intercept) 26.233071   0.509327  51.505 1.612e-05 ***

e:(Intercept)  2.109378   0.059599  35.393 4.960e-05 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1



Residual standard error:



 0.5116194 (3 degrees of freedom)




No test available



          ModelDf Log lik Df Chisq value p value

                                                

DRC model                                       









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Cook’s Distance vs Leverage
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Micropterus dolomieu









Broderius et al. 1985









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Log-logistic (ED50 as parameter) with lower limit at 0 (3 parms)



Parameter estimates:



               Estimate Std. Error t-value   p-value    

b:(Intercept)   1.59194    0.16526  9.6328 0.0006495 ***

d:(Intercept) 167.55694    6.91859 24.2184 1.724e-05 ***

e:(Intercept)  19.76865    1.77063 11.1648 0.0003663 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1



Residual standard error:



 7.149935 (4 degrees of freedom)




No test available



          ModelDf Log lik Df Chisq value p value

                                                

DRC model                                       









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Studentized Residuals vs Fitted
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Cook’s Distance Histogram
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Cook’s Distance vs Leverage
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Micropterus dolomieu









Broderius et al. 1985









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 1) with lower limit at 0 (3 parms)



Parameter estimates:



               Estimate Std. Error t-value   p-value    

b:(Intercept)   0.71266    0.20197  3.5285 0.0242632 *  

d:(Intercept) 162.02962   12.82173 12.6371 0.0002258 ***

e:(Intercept)  45.73226   10.72806  4.2629 0.0130239 *  

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1



Residual standard error:



 12.79133 (4 degrees of freedom)




No test available



          ModelDf Log lik Df Chisq value p value

                                                

DRC model                                       









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Cook’s Distance Histogram
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Wang et al. 2007a









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Log-logistic (ED50 as parameter) with lower limit at 0 (3 parms)



Parameter estimates:



              Estimate Std. Error t-value p-value    

b:(Intercept) 8.816527   3.672937  2.4004 0.01638 *  

d:(Intercept) 0.989855   0.011249 87.9954 < 2e-16 ***

e:(Intercept) 1.372930   0.123846 11.0858 < 2e-16 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1




Goodness-of-fit test



            Df Chisq value p value

                                  

DRC model    3     0.80697  0.8478









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Quantile Plot
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Cook’s Distance Histogram
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Cook’s Distance vs Leverage
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Broderius et al. 1985









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 1) with lower limit at 0 (3 parms)



Parameter estimates:



               Estimate Std. Error t-value   p-value    

b:(Intercept)   2.58489    0.75074  3.4431 0.0262183 *  

d:(Intercept) 116.65533    5.12502 22.7619 2.207e-05 ***

e:(Intercept)  16.12632    1.13289 14.2347 0.0001415 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1



Residual standard error:



 9.066811 (4 degrees of freedom)




No test available



          ModelDf Log lik Df Chisq value p value

                                                

DRC model                                       









Effects Concentrations and 95% Confidence Intervals










			



			

Estimate



			

Std. Error



			

Lower



			

Upper














			

e:1:5



			

5.110997



			

1.709842



			

0.363714



			

9.85828










			

e:1:10



			

6.752206



			

1.728633



			

1.952751



			

11.55166










			

e:1:15



			

7.984787



			

1.673523



			

3.338344



			

12.63123










			

e:1:20



			

9.026654



			

1.592410



			

4.605414



			

13.44789










			

e:1:50



			

13.994476



			

1.092062



			

10.962428



			

17.02653




















Ratio (EC20/EC5)




[1] 1.766124









Data










			



			

units.x



			

conc



			

units.y



			

resp














			

204



			

mg/L



			

0.00



			

mg



			

118










			

205



			

mg/L



			

1.88



			

mg



			

118










			

206



			

mg/L



			

2.37



			

mg



			

108










			

207



			

mg/L



			

3.75



			

mg



			

125










			

208



			

mg/L



			

6.92



			

mg



			

94










			

209



			

mg/L



			

11.70



			

mg



			

81










			

210



			

mg/L



			

18.30



			

mg



			

27




















Fitted Model with 95% Confidence Band
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Studentized Residuals vs Fitted
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Scale-Location Plot
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Quantile Plot
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Cook’s Distance Histogram
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Cook’s Distance vs Leverage
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Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 1) with lower limit at 0 (3 parms)



Parameter estimates:



               Estimate Std. Error t-value   p-value    

b:(Intercept)   2.38036    0.39550  6.0187  0.003839 ** 

d:(Intercept) 126.41260    4.07340 31.0337 6.424e-06 ***

e:(Intercept)   2.78376    0.13711 20.3032 3.475e-05 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1



Residual standard error:



 6.101988 (4 degrees of freedom)




No test available



          ModelDf Log lik Df Chisq value p value

                                                

DRC model                                       









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Studentized Residuals vs Fitted
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Quantile Plot
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Cook’s Distance Histogram
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Cook’s Distance vs Leverage
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Musculum transversum









Sparks and Sandusky 1981









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 1) (4 parms)



Parameter estimates:



               Estimate Std. Error t-value   p-value    

b:(Intercept) 2.0211648  0.8115728  2.4904   0.01276 *  

c:(Intercept) 0.1766209  0.0427485  4.1316 3.602e-05 ***

d:(Intercept) 0.9349987  0.0592993 15.7674 < 2.2e-16 ***

e:(Intercept) 0.0678369  0.0079862  8.4942 < 2.2e-16 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1




Goodness-of-fit test



            Df Chisq value p value

                                  

DRC model    2    0.012502  0.9938









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Studentized Residuals vs Fitted
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Quantile Plot
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Cook’s Distance Histogram
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Cook’s Distance vs Leverage
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Fluminicola sp.









Besser 2011









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 2) with lower limit at 0 (3 parms)



Parameter estimates:



              Estimate Std. Error t-value  p-value   

b:(Intercept) -1.93593    0.77970 -2.4829 0.131064   

d:(Intercept)  0.54267    0.03167 17.1351 0.003389 **

e:(Intercept)  2.86757    0.38438  7.4602 0.017498 * 

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1



Residual standard error:



 0.05495402 (2 degrees of freedom)




No test available



          ModelDf Log lik Df Chisq value p value

                                                

DRC model                                       









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Studentized Residuals vs Fitted
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Quantile Plot
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Cook’s Distance vs Leverage
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Ceriodaphnia acanthina









Mount 1982









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 2) with lower limit at 0 (3 parms)



Parameter estimates:



               Estimate Std. Error t-value   p-value    

b:(Intercept) -19.88812   11.15484 -1.7829    0.1178    

d:(Intercept)  24.93335    0.93571 26.6466 2.686e-08 ***

e:(Intercept)  58.46108    0.63299 92.3573 4.596e-12 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1



Residual standard error:



 2.292001 (7 degrees of freedom)




Lack-of-fit test



          ModelDf    RSS Df F value p value

ANOVA           1 16.820                   

DRC model       7 36.773  6  0.1977  0.9345









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Studentized Residuals vs Fitted
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Quantile Plot
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Cook’s Distance Histogram




[image: ]Cook's Distance

Mount 1982

Ceriodaphnia acanthina
Weibull type 2, 3 para

40000 -

30000 -

20000 -

10000 -

25

50
Obs. Number

75

'
10.0


















Cook’s Distance vs Leverage
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Ceriodaphnia dubia









Nimmo et al. 1989









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 1) with lower limit at 0 (3 parms)



Parameter estimates:



               Estimate Std. Error t-value   p-value    

b:(Intercept)  2.025029   0.513679  3.9422  0.007605 ** 

d:(Intercept) 12.943510   0.927584 13.9540 8.443e-06 ***

e:(Intercept)  1.052255   0.087013 12.0930 1.942e-05 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1



Residual standard error:



 1.218273 (6 degrees of freedom)




No test available



          ModelDf Log lik Df Chisq value p value

                                                

DRC model                                       









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Standardized Resdiuals vs Fitted
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Cook’s Distance Histogram
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Cook’s Distance vs Leverage
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Ceriodaphnia dubia









Willingham 1987









Fitted Model and Parameter Estimates




This includes information concerning signifcance tests of each parameter and a goodness of fit test for the model as a whole.






Model fitted: Weibull (type 2) with lower limit at 0 (3 parms)



Parameter estimates:



              Estimate Std. Error t-value   p-value    

b:(Intercept) -2.56215    0.98670 -2.5967 0.0484430 *  

d:(Intercept) 23.05115    1.21541 18.9657 7.509e-06 ***

e:(Intercept)  6.92919    0.92153  7.5192 0.0006584 ***

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1



Residual standard error:



 2.717497 (5 degrees of freedom)




No test available



          ModelDf Log lik Df Chisq value p value

                                                

DRC model                                       









Effects Concentrations and 95% Confidence Intervals
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Fitted Model with 95% Confidence Band
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Diagnostic Plots






Standardized Resdiuals vs Fitted
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Studentized Residuals vs Fitted
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Scale-Location Plot
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Quantile Plot
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Cook’s Distance Histogram
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Cook’s Distance vs Leverage
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NH3 Chronic


Model Scoring


1 = Model performs well on most/all statistical metrics.


2 = Model generally performs well on statistical metrics; however, it presents some characteristic(s) that may call estimates into question, use model with caution.  These problems can be any number of issues such as a parameter with a high p-value, poor goodness of fit p-value, wide confidence bands for fit or estimate interval, residuals that indicate model assumptions are not met.


3 = Model is a poor fit to the data, do not use for estimation.


Am chronic 1 (dichotomous)


Model:  Weibull type 1, 2 para								Score:  1


Model performs well on all metrics.


Am chronic 2 (dichotomous)


Model:  Weibull type 1, 3 para								Score:  2


Overly influential observation due to possible lack of partial effects.


Am chronic 3 (dichotomous)


Model:  Log Logistic type 1, 3 para							Score:  2


Overly influential observation and wide confidence band on fitted model due to possible lack of partial effects.


Am chronic 4 (dichotomous)


Unable to fit model due to lack of treatment sample sizes.


Am chronic 5 (dichotomous)


Model:  Weibull type 1, 4 para								Score:  1


EC5 lower bound just dips negative, but otherwise model performs well.


Am chronic 6 (continuous)


Model:  Weibull type 2, 3 para								Score:  3


Model does not perform well.


Am chronic 7 (continuous)


Model:  Weibull type 2, 3 para								Score:  3


One model parameter is not significant.  Poor QQ line.  Overly influential observations.  Possible lack of partial effects.


Am chronic 8 (continuous)


Model:  Weibull type 1, 3 para								Score:  2


Confidence band on fitted model is wide and the QQ line is a bit off.


Am chronic 9 (continuous)


Model:  Weibull type 2, 3 para								Score:  2


Confidence band on fitted model is wide, QQ line is a bit off, and one overly influential observation.


Am chronic 10 (continuous)


Model:  Weibull type 1, 3 para								Score:  1


A few overly influential observations, but otherwise model performs well.


Am chronic 11 (continuous)


Model:  Weibull type 2, 3 para								Score:  2


Confidence band on fitted model is wide, QQ line is a bit off, and two overly influential observation.


Am chronic 12 (continuous)


Model:  Weibull type 1, 3 para								Score:  3


Negative lower bounds on most ECx estimates.  Very wide confidence band on fitted model.  Overly influential observations.


Am chronic 13 (dichotomous)


Model:  Weibull type 2, 3 para								Score:  1


Two overly influential observations, due to possible lack of partial effects.


Am chronic 14 (dichotomous)


Model:  Weibull type 1, 3 para								Score:  3


Poor goodness of fit p-value and most ECx estimates have negative lower bounds.


Am chronic 15 (dichotomous)


Model:  Weibull type 2, 3 para								Score:  2


Poor goodness of fit p-value and QQ line, but otherwise model performs well.


Am chronic 16 (continuous)


Model:  Weibull type 1, 3 para								Score:  3


Model does not perform well.


Am chronic 17 (continuous)


Model:  Weibull type 1, 3 para								Score:  1


One overly influential observation, but otherwise model performs well.


Am chronic 18 (continuous)


Model:  Weibull type 1, 3 para								Score:  1


One overly influential observation and QQ line is a bit wonky, but otherwise model performs well.


Am chronic 19 (dichotomous)


Unable to fit model due to lack of treatment sample sizes.


Am chronic 20 (continuous)


Model:  Weibull type 1, 3 para								Score:  3


Model does not perform well.


Am chronic 21 (continuous)


Model:  Weibull type 1, 3 para								Score:  1


EC5 estimate has a negative lower bound and there are two overly influential observations, but otherwise model performs well.


Am chronic 22 (dichotomous)


Model:  Log Logistic type 1, 3 para							Score:  3


Most of the ECx lower bounds are negative and the confidence band on the fitted model is wide.





Am chronic 23 (continuous)


Model:  Weibull type 2, 3 para								Score:   1


Confidence band on the fitted model is wide and there are 2-3 overly influential observations, but otherwise model performs well.


Am chronic 24 (continuous)


Model:  Weibull type 1, 3 para								Score:  1


Two overly influential observations, but otherwise the model performs well.


Am chronic 25 (continuous)


Model:  Weibull type 1, 3 para								Score:  3


Model does not perform well.


Am chronic 26 (dichotomous)


Model:  Weibull type 1, 3 para								Score:  2


One model parameter is not significant and confidence band on fitted model is wide.


Am chronic 27 (continuous)


Model:  Weibull type 2, 3 para								Score:  1


Two overly influential observations and off the QQ line, but otherwise model performs well.


Am chronic 28 (continuous)


Model:  Log Logistic type 1, 3 para							Score:  1


Model performs well.


Am chronic 29 (continuous)


Model:  Weibull type 1, 3 para								Score:  3


Model does not perform well.


Am chronic 30 (continuous)


Model:  Weibull type 1, 3 para								Score:  1


Two overly influential observations, but otherwise model performs well.





[bookmark: _GoBack]Am chronic 31 (continuous)


Model:  Weibull type 1, 3 para								Score:  1


One overly influential observations, but otherwise model performs well.
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